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& Thermostat Bulh 
Powers Regulator 


No. 11 
The Powers No. 11 Auto- 
matic Thermostatic Regu- 
lator is an — re- 
liable and accurate regu- 
lator of the self- pane 
type, used for the — 


eas 


Take Textiles, for instance—In their manufacture many 
— operations depend upon heat 


C, —but it must be precisely the right heat! 


Men and women may be set to watch it, but they are only 
human, and no matter how careful they have tried to be, 
accidents have happened and large amounts of valuable 
materials have been spoiled 





Water anks, Water Cool- 
ing Tanks, Feed Water 
Heaters, Size Boxes, Dye- 
ing Machines, Washing 
Machines, ete., are all 
made automatic by its 


further details, 
prices, etc., ask for Bulle- 
tin 129. 
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—which never could have happened if the heat control 
had been responsibly centered in a Powers Automatic 
Heat Regulator. 


i What is true in the textile field, is true in any field where 
= heat is a factor of any process. 


' Ae ; All operations of preparation, drying, dyeing, and wash- 
a ing can be accurately controlled by Powers Regulators. 

i/¢, There is a regulator designed for every requirement, of 
l }/ | any manufacturing process. 


Our thirty years of successful experience with heat regu- 
r . lating problems enables us to speak with authority. We 
ae invite your inquiries, touching your own problems of heat 
control. 






































966 Architect’s Bldg., New York 2727 Greenview Ave., Chicago 
577 Boston Wharf Bidg., Boston 
—~ The Canadian Powers Regulator Co., Ltd., Toronto, Ont. 
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a ledesletnteietnhatahlntnt eta EY ’ Many years of producing filter presses 
for all types of filtration work enable 
us to guarantee the results. 


This guarantee of efficiency goes with 
every filter press we sell—we know our 
product, and we are ready to stand 
back of it. Write for catalog stating 
your filtration problem. 


T. SHRIVER & CO. 


808 Hamilton Street, Harrison, N. J. 

















Rug¢gles-Coles Dryers are Dust-Tight 


To make a dryer dust-tight requires a good deal of 
experience and engineering skill. All Ruggles-Coles 
dryers are so designed that dust is eliminated through- 
out the entire drying process. Elimination of dust in- 
sures a safe, clean, and efficient plant. 


Write for Ruggles-Coles Catalog 


RUGGLES -COLES ENGINEERING CO. 


120 Broadway New York, N. Y. 














" Macmichael Viscosimeter 


x Recommended for the testing of oils, varnishes, 
greases and glues. Employed also for testing a wide 
variety of other materials, the viscosity range being 
from that of the thinnest liquid up to the thickest 
glue. 






Used to determine the “body” of cocoa solutions, 
patent medicines, starches, etc. The 
instrument is portable and rugged in 
construction. Technical training is 
not required to operate. The motor is 
universal for A.C. or D.C. In order- 
ing, advise voltage of current, also ap. 
proximate range of viscosity of the ma- 
MACMICHAEL VISCOSIMETER terials to be tested, so that suitable tor- 
No. 7367CM Disassembled sion wires may be supplied. 


Write for further details of above apparatus, specifying your requirements 
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Bootlegging in Ford’s Offer 
Chemical Apparatus Up to Congress 


ERE are a few fly-by-night concerns that claim to 
be “just starting out in business” that have, of 
late, been diligent visitors at laboratories of schools 
and colleges to offer chemical apparatus. They rarely 
have catalogs of their own, but refer to those of estab- 
lished dealers under specific numbers to indicate their 
wares. Their prices are low; enough below current 
quotations to get a hearing. 

Now we sympathize with institutions of learning in 
their desire to get scientific apparatus as cheaply as 
they can, although we are not in favor of duty-free mate- 
rials for them. We have the glass and porcelain 
industries well established in this country and we want 
to keep them. It has been suggested that universities, 
colleges and schools should get their laboratory equip- 
ment at approximately cost prices, but we are told that 
the educational demand represents about 80 per cent 
of the total. To sell 80 per cent of their goods at cost 
and then to make their living out of the remaining 20 
per cent would be asking too much from the manufac- 
turers and dealers. They are not fashionable physicians. 

The Just Starters in the business of selling chemical 
apparatus, to whom we refer, are likely to be sympa- 
thetically received because of their low prices. Then 
when they make a sale, being so young and all, and hav- 
ing such a “slight margin of profit,” they often ask for 
a considerable cash payment in advance. When the 
shipment comes in it turns out to be job lots of German 
and Japanese goods that are below the standards of 
quality maintained by reputable concerns. In the 
meantime the Just Starters lose interest as soon as they 
have disposed of their bargains and then are difficult to 
find. We are told that one large state university was 
seriously embarrassed by this very kind of a trick. 

The late CHARLES BASKERVILLE, most of whose stu- 
: dents were far from affluent, and who had to purchase 

with great care to keep within his appropriations, in- 
sisted on American-made goods and would deal only 
with established concerns. His point was that the need 
of these industries in America was greater and of 
more importance than his own personal convenience. 

But whatever apparatus be purchased, whether Amer- 
ican-made or imported, the only safe rule for colleges 
and universities is to buy from well-established and 
responsible houses. Just now when most things are 
at sixes and sevens and the prices of all sorts of mer- 
chandise seem to have no top and no bottom, the irregu- 
lar dealer is abroad in the land. The wise buyer deals 
with a seller who has both experience and character 
and a responsible house behind him. Job lots of labora- 
tory wares from unknown sources may cost less to buy, 
but they are likely to drag a trail of increased expense 
behind them, not only in work but occasionally a human 

- eye into the bargain. 












EARLY seven months has elapsed since Mr. Forp 

made his first offer to purchase the power and 
nitrate plants at Muscle Shoals. This was formally pre- 
sented to Secretary WEEKS on July 8, 1921, and was the 
basis of subsequent negotiations that resulted in a modi- 
fied offer signed by Mr. ForD on January 25, 1922. The 
latter has now been transmitted to Congress by the 
Secretary of War with his recommendations and a care- 
ful business analysis of the entire proposal. The matter 
is now up to Congress. 

Mr. WEEKS’ analysis of the Ford proposal presents 
such a clear picture of the subject that we have repro- 
duced it in whole in this issue, believing that our 
readers will be interested in getting more detail than 
was published in the daily press. For the final disposi- 
tion of Muscle Shoals will have a tremendous bearing 
on the future of the fertilizer industry in this country, 
as well as on the whole industrial development of the 
South. In our last issue we pointed out some of the 
things that Mr. Forp is likely to do if he gets the plants. 

A careful reading of Mr. WEEKS’ analysis will impress 
the reader with the fact that Mr. Forp’s primary inter- 
est in Muscle Shoals is cheap power, and that he asks 
to have the nitrate plants thrown in at a knock-down 
price. His whole approach to the subject is based on 
his desire to obtain cheap power for his industrial 
projects, and on his estimate of what he can afford to 
pay for it. If the reader will keep this in mind, he 
will understand why Mr. Forp goes into considerable 
detail in his proposal to buy the dams and power plants, 
and then casually imposes as one of the conditions of 
his offer that the United States sell to him Nitrate 
Plants Nos. 1 and 2, the Waco lime quarry and the 
Gorgas-Warrior steam plant, with all appurtenances, 
for $5,000,000. These plants cost the government 
$85,000,000, and have a scrap or salvage value esti- 
mated at from $9,000,000 to $16,000,000. 

Mr. Forp’s modified offer is more advantageous to the 
government than was his original proposal. His sug- 
gested rentals for the dams and power plants are more 
nearly adequate. Likewise his proffered compensation 
for maintenance is increased, and his plan for amortiza- 
tion has been improved. The clause relating to renewal 
of leases at thé end of 100 years is more favorable to 
the government. All of these points are discussed in 
detail by Secretary WEEKS. 

But there are points yet to be modified if, in the 
opinion of the Secretary of War, the proposal is to meet 
the approval of Congress. The present offer apparently 
is deficient in assurance that the contracts once entered 
upon by Mr. Forp will be carried out, or that some 
penalty will be imposed for failure to perform. The 
cost of acquiring certain lands and flowage rights in 
connection with Dam No. 3 should be included in the 
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sum upon which Mr. Forp is to pay interest at the rate 
of 4 per cent. Instead of paying the United States a 
fixed sum for maintenance of dams and locks, Mr. 
WEEKS suggests that Mr. Forp assume the cost and 


responsibility for maintenance just as the latter pro-- 


poses in the case of the power plants. Finally, Congress 
shou'd see to it that the regular federal regulations are 
applied to the sale of power to custom buyers, and that 
the lease period be 50 and not 100 years. So much for 
the power project. 

As for the nitrate plants, Mr. Forp binds himself to 
operate Plant No. 2 at its approximate present annual 
capacity for the production of nitrogen and other fer- 
tilizers, and to maintain the plant in readiness for the 
manufacture of explosives and to turn it over to the 
United States for that purpose when needed for the 
national defense. But for the rest of the outfit—Nitrate 
Plant No. 1, Waco quarry and Gorgas-Warrior steam 
plant—he is under no obligation to maintain or operate 
them, nor is there legal obstacle to his disposing of 
them Should he pursue the latter course and obtain 
their estimated salvage value, he would have left the 
$67,000,000 Nitrate Plant No. 2 for about $400,000. 

Congress may well ponder the propriety and wisdom 
of throwing away these properties for a song. True, 
nitrogen preparedness is worth much, but perhaps not 
that much. Mr. Forp is still the only bidder. We must 
remember that the Air Nitrates Corporation that built 
the plant has, under the terms of its construction con- 
tract, an option to buy Nitrate Plant No. 2 on as favor- 
able terms as those offered by a successful bidder, and 
the Alabama Power Co. has the same option in relation 
to the Gorgas-Warrior steam plant. Nobody knows 
what these companies think the properties are worth, 
but if Mr. Forp is a successful bidder their actions will 
be a measure of their valuation of the plants. The 
inevitable delay that will ensue in Congress in consid- 
eration of Mr. Forp’s offer may not be an unmixed evil, 
for it may bring other bidders into the market. Fur- 
thermore if Congress acts on Mr. WEEKS’ recommenda- 
tions, particularly in regard to the shortened lease 
period which we have consistently advocated, Mr. Forp 
may withdraw his proposal and the whole matter can 
be deferred to a more propitious time. 


With Hoover 
At the Helm 


USINESS is gradually coming to realize that it has 
friend at court in the person of the Secretary of 
Commerce. He has come to be regarded as the busi- 
ness man of the present Administration, for he stands 
out as one among the few who can share the view- 
point of industry and understand its problems. 

If for no reason other than the record of his ac- 
complishments in the Department of Commerce, Mr. 
HOOVER is deserving of the confidence and gratitude 
of American business men. Under the past 8 months 
of his direction this branch of the government has 
been developed into an effective agency of industria’ 
service. The three Bureaus of Foreign and Domestic 
Commerce, Standards and the Census have become 
points of active and intimate contact with trade and 
commerce, The records show that 127 trade associa- 
tions are now working in close co-operation with the 
department. The Bureau of Foreign and Domestic 


Commerce alone has forty co-operating committees 
representing 60,000 men who are interested in the 
promotion of our foreign trade. 


In all, ninety com- 
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mittees form contact with the department, and through 
these committees 350,000 engineers, merchants and 
manufacturers are constantly receiving market in- 
formation of actual dollars-and-cents value. 

American firms concerned with the development of 
our export trade have learned to profit by the govern- 
ment’s studies of foreign markets, as well as the defi- 
nite inquiries and business advice published each 
week in the new Commerce Reports. Furthermore, 
the work of expert industrial representatives in many 
foreign countries and their official assistance in nego- 
tiations with foreign governments have been of gen- 
uine service in selling American goods. Nor has the 
domestic trade been neglected, although in the past 
the charge was often made that foreign trade had 
always received the predominant share of the bureau’s 
attention. The program for elimination of waste and 
the work which has been done along the lines of 
standardization and simplification have been outstand- 
ing features in our national reconstruction. The Sur- 
vey of Current Business, with its useful statistics on 
production, consumption, prices and trade, has proved 
a reliable guide to industry. Last but in no way the 
least of the new activities has been the work of the 
special commodity divisions. With more than a dozen 
industries actually represented in the bureau’s or- 
ganization it has been possible to interpret and make 
effective a great mass of information. 

The questions naturally arise, What is left to be 
done? What are Mr. Hoover’s future plans for the 
department? Briefly they are these: (1) To improve 
personnel conditions, for if these bureaus are to serve 
business effectively they must be competently manned; 
and (2) to broaden and enlarge the activities of the 
department until it can adequately represent indus- 
try in the government. That that hard-headed busi- 
ness man, the Director of the Federal Budget, was 
convinced of the soundness of these plans is evidenced 
by the proposed budget, which provides for an in- 
crease of about $750,000 in the department’s appro- 
priations. Much of this is to be spent for increasing 
the meager salaries now paid to technical and scien- 
tific employees. 

If the appropriation is passed by Congress, approxi- 
mately $270,000 will be used to increase the number 
and service of the expert commodity divisions. It 
will be remembered that in Mr. HOOVER’s original plans 
one of the commodity divisions was to represent the 
chemical industry. That this part of his plans should 
miscarry was not the fault of the department but 
rather because the industry or the trade association 
representing it at that time failed to accept the gov- 
ernment’s offer of co-operation. Fortunately, how- 
ever, the chemical industry is beginning to recognize 
its mistake, and there is reason to believe that if the 
increased appropriation is obtained a chemical division 
will be of the first to be organized. 

In the meantime Congress must be convinced that 
industry really wants this work continued. If Mr. 
Hoover’s plans are to materialize, the budget must be 
approved and the increased appropriations granted. 
The chemical industry can and should do its share. Its 
trade associatons, firms and individuals can make 
known their desires at the hearings of the congres- 
sional committees which are now in session. If we are 
in earnest, if we are willing to back up the work of 
the Commerce Department, let’s say so—and in no 
small voice. 


February 8, 1922 


The Passing 
Of a Friend 


N ANOTHER PAGE we print a biographical sketch 

of the late CHARLES BASKERVILLE. In addition to 
being a persistent investigator and voluminous author 
he was also a great teacher. “If you can’t make your 
students believe in you and trust you, how can you 
teach?” he often asked. He was always accessible to 
his students; there was none too humble to find a ready 
response in him so far as his multifarious duties gave 
him the opportunity. Outside the college he was more 
reserved and held rather closely to his friends. He was 
the best of companions, a delightful raconteur, a very 
prince of good fellows—but he hated vulgarity. He was 
unashamed of his convictions; and his convictions were 
always honorable. They never wavered toward his ad- 
vantage. A proud man withal; but “pride is no sin 
except when one will not live up to it.” He lived up to 
his pride. He believed in the bigness and in the dig- 
nity of his profession. This very attitude sometimes 
caused others to misjudge him. He was an aristocrat in 
breeding and in sentiment. And yet whoever of good 
will would give himself the pains to get closer to him 
invariably found him at once both fair in mind and 
genial in disposition. 

He had indeed a genius for friendship. It was 
singularly pleasant to tell him good news and it was 
helpful to go to him in the days of trouble. That is 
why, to those who were near to him, his passing takes 
some of the tang out of life and the mellowness from 
oncoming age. But sursum corda! Who would not 
rejoice and be glad in the benediction of such friend- 
ship? 


Alcohol From 
Water Gas 


ly A RECENT issue of Chemical Age, London, C. G. 
CALVERT states that in his small-scale model plants 
at work in England he is making ethyl alcohol from 
water-gas mixtures at the rate of one gallon of ethy! 
alcohol per 1,000 cu.ft. of gas, and that there is every 
indication that the efficiency will be greatly increased 
in large-scale plants. He says the process is extremely 
simple, and that it works constantly under all conditions 
likely to be met in practice. 

Lately we printed the cost of water gas as presented 
at a hearing before the Board of Public Utility Com- 
missioners of New Jersey by the general manager of 
the Public Service Corporation. He placed it between 
53 and 57 cents per 1,000 cu.ft. for all parts of the state, 
with an estimate of 11 per cent for gas unaccounted for. 
But in making gas at the source for alcohol production, 
without enrichment or loss in pipes, the figure should 
be much lower. With this cost brought down and the 
efficiency, as predicted by Mr. CALVERT, brought up, the 
process begins to look interesting. 

That is, it looks interesting anywhere except in the 
United States. Here the persistent incapacity of our 
law-making and law-enforcing authorities to distinguish 
between alcohol in industry and alcohol in drink makes 
the production of this great solvent, antiseptic and 
needed chemical almost impossible, irrespective of the 
fact that without it many industries must close down. 

It may be that in time the virulence of the present 
drive against the industrial alcohol industry by the 
Anti-Saloon League and its supporters will give way 
to enlightenment, but as yet it is exceedingly difficult to 
get a hearing before ears that will hear. As an example 
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of the prevailing means used in debate there was lately 
put to a number of physicians the question whether they 
held it to be necessary to administer ethyl alcohol in 
any form. One cheerful and successful practitioner de- 
clared that he never prescribed alcohol for internal use. 
Where whiskey or brandy was prescribed by other 
physicians he obtained just as good results with aro- 
matic spirits of ammonia. This has been largely quoted. 
But the fact that while whiskey contains about 45 per 
cent of alcohol, aromatic spirits of ammonia contains 
63 per cent of it, has been suppressed. That is the kind 
of “oral argument” that is popular. Wide-mouthed 
argument, we call it. 


The Long Reach 
Of Romance 


HIS is a story of Buffalo Bill. We do not vouch for 

the correctness of the details; we give it as we heard 
it and as such it will answer our purpose. While he 
was an army scout he was attached to a battalion under 
General Crook. The Sioux were troublesome, and once 
when the battalion in question was encamped in the Bad 
Lands it was surprised by YELLOW HAND with his 
braves. They came in the night and established them- 
selves on high ground, where they had considerable ad- 
vantage. YELLOW HAND was a true savage; he neither 
gave nor asked for quarter; he was a fighting man. He 
sent a boastful challenge to the officer in command. 
“Let any one of your men,” said he, “come out in the 
open and fight me singlehanded, and I will call it a 
battle!” The Colonel was about to scorn the message, 
when Copy said, “Colonel, I know their ways. If we 
don’t agree to this we shall be sure to lose a consider- 
able number of men, even if we defeat them, for they 
are stronger and have the advantage of position. But 
if we accept the challenge they will abide by the result 
and leave when the fight is over. Let me accept!” 

Never mind the argument; in the end Buffalo Bill ac- 
cepted. The two men were to face each other a quarter 
of a mile apart, before the assembled hordes, each on 
horseback and armed with a rifle and a knife. It was to 
be a duel to the death. No rules and no quarter. 

It began and both fired. YELLOW HAND missed and 
Buffalo Bill hit his opponent’s horse, which stumbled 
and fell. In the fall YELLOw HAND’s rifle slipped out of 
his grasp. Quickly he drew his knife and stood, await- 
ing his antagonist. Buffalo Bill alighted from his horse 
and threw away his rifle. Then he too drew his knife 
and approached YELLOW HAND on foot, to meet him on 
even terms. The fight proceeded to a finish; to the 
death of YELLOW HAND. Then the braves retreated and 
the battalion marched on. 

That is an epic of the West, isn’t it? It has the real, 
thirteenth century tang to it. Think of what CARL 
SANDBURG could do with the story! 

Well, where is an epic of chemistry? 
one in chemical warfare. That is modern and wholesale 
and impersonal. It involves suffering and agony and 
death, but we can see only the victims; we miss the 
hero. What is wanted is the romance. The romance is 
there, but who has the wit to find it? 

Before us is the whole field of literature to be spoken 
or read or acted. The moving picture people are strain- 
ing every nerve for scenarios. Far too many chemists 
are now in idleness. Some of them have imagination. 
Some can write. And in the romance of science is the 
chance. It would instruct the public and be a good thing 
for science if they were to get busy. 


We can’t find 








Italian Chemical Industries 


FROM OUR SPECIAL CORRESPONDENT 
GENOA, Italy, Jan. 6, 1922. 

ECEMBER was a month of little accomplishment 

for the Italian chemical industries, although the 
workpeople had returned to their work and were 
willing to produce. This was due to the great fluctua- 
tions in the value of the Italian lira, which caused many 
to believe for a time that a strong recovery had begun. 
This idea was soon dissipated, however, by a further 
fall. In December the Leghorn chemical workmen, who 
had not reached an agreement in November, accepted 
the conditions proposed by their employers and returned 
to work. Many foresee that their example will be fol- 
lowed in other parts of Italy. 


FERTILIZERS 


The fertilizer market was weak, owing to the persist- 
ence of the dry weather, which discouraged many 
farmers in their cultivation operations, so that they 
would not draw the superphosphates from the works 
in many quarters. Despite this, the outlook for the 
present year is promising and a number of opportunities 
have been created through the special conditions prevail- 
ing. Thus the stocks of sulphate of ammonia fell to a 
very low point, Germany having prohibited all exporta- 
tion and England having the absolute monopoly of the 
market. In the case of nitrate of ammonia, which gave 
very promising results when tested for fertilizing pur- 
poses, the demand was light in December, but will 
probably increase later. For these reasons offers of 
such products should be well received. In the case of 
Chilean nitrate of soda, especially low offers were made 
for immediate delivery, whereas for delivery during 
the next months an increase of 20 lire per ton and per 
month was asked. The imports of mineral phosphates 
reached 19,585 tons during September, 1921, against 
39,530 tons during the same month of 1920, and during 
October 42,537 tons, against 23,865 tons during the 
same month of 1920. 

GLUCOSE 

In view of the progress made in the manufacture of 
glucose, the production of which reached 8,400 tons 
in 1918, the Italian Government arranged toward the 
end of the year a manufacturing tax of 1,200 lire per 
ton in the case of the crystalline or solid product, and 
of 600 lire per ton in the case of the liquid product. 
Besides this tax a yearly working license, ranging from 
50 to 121 lire, is also necessary. The imports of solid 
glucose reached 42 tons during the first 6 months of 
this year, against nothing during preceding years, 
whereas the imports of liquid glucose were of 727 tons, 
against 3,660 tons in 1920 and 705 tons in 1919 during 
the corresponding period. Of the second importations 
of this year, 681 tons came from the United States of 
America, 29 tons from Holland and the remainder from 
other countries. The total exports reached only 5 tons. 


SUGAR 


The continual change in the policies of the Italian 
Government in regard to regulating the importation of 
sugar and the lack of shipping facilities from Cuba 
have rendered impossible a large importation of sugar 
from this source and the importers could satisfy the 
needs of the industries using this product only by 
passing comparatively small orders to the United States, 
England, Belgium, South America, Holland, Java and 
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other countries. Such a state of affairs caused the 
German Government to propose the refining of 1,000,000 
tons of sugar to be purchased in Cuba for Italy and 
France, on account of war reparation. However, Italy 
was not willing to accept the arrangement. 

A new law increased the taxes on the importation of 
sugar, with the idea of protecting the national industry 
against the effect of the continental reductions in the 
foreign offers, while other laws limit the importations 
for each plant to 6 months’ requirements and provide 
for permits for deliveries to be made simultaneously 
to several firms in the same town. 


PEPPERMINT OIL 


Owing to the excessively dry weather, the essential 
oil yield of the Piedmontese peppermint plant was 
above normal, and the production for the year would 
have been correspondingly large if the growers had not 
insisted on a price so high that it could be accepted 
only by those distillers that had previous contracts. 
The essential oil of the new mint harvest contains 50 
per cent of menthol and is stronger than the product 
of the last year. The yield of mint oil was calculated 
to reach 300 g. per 100 kg. of herb treated. The plant, 
through the excessive dryness, remained low during the 
first period of its growth, and many ascribe to this fact 
its superior concentration in essential oil. In the first 
half of 1921 the imports of peppermint oil reached 4,518 
kilos, against 9,462 kilos in 1920 and 3,226 kilos in 1919 
for the same period. The exports reached only 796 
kilos, against 2,894 kilos in 1920 and 7,742 kilos in 1919. 


SULPHUR INDUSTRY 


To bring to a speedy conclusion the negotiations that 
have been pending for some time regarding the troubles 
of the Sicilian sulphur miners special concessions were 
arranged for the miners, with the hope that they will 
contribute toward increasing the yield of the mines, 
permitting a reduction in the cost of extraction. In 
the meanwhile the prices of all sulphur products have 
fallen considerably, owing to American competition and 
the reduced demand on the home and foreign market, 
caused by the unfavorable season. 


HyYDRO-ELECTRIC PLANTS SHUT DOWN BECAUSE 
OF Low WATER 


In order to permit the slow refilling of the mountain 
reservoirs whose supplies had been depleted by the 
extreme dryness of the past months, the Italian Govern- 
ment stopped the supply of all electric current to the 
industries from midnight of Dec. 24 to midnight of 
Jan. 1 in all the provinces of Lombardy and in the 
provinces of Reggio, Modena, Parma and Piacenza. In 
the provinces of Genoa, Bologna, Novara and Ales- 
sandria this suspension was only partial. On their 
part the state railways reduced the number of trains 
hauled by electric engines and in some cases increased 
the use of steam locomotives. In the meanwhile studies 
are being made for the purpose of interconnecting the 
different Italian lakes, thus making part of their water 
available for producing electric power. Some Italian 
industrials insisted on special facilities being arranged 
for encouraging the importation of machinery for the 
working of heavy combustible oils. No great develop- 
ment is, however, foreseen in this direction, as motive 
power thus produced costs more than that obtained 
through coal, which in turn is six times as dear as 
that produced through water power. 
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The German and American Synthetic-Ammonia Plants*—I 





Construction and Operation of U. S. Government Plant at Sheffield, Ala., Compared With That at Oppau, 
Germany—Water and Fuel Requirements Are Given and General Facilities Such as 
Housing of Equipment and Process Are Described 


By R. S. TOUR 





years in the chemical industry, looking toward 

the commercial development of synthetic-am- 
monia plants. Outside the chemical industry the agri- 
cultural interests are vitally concerned in the successful 
development of nitrogen-fixation processes: And in 
addition, it is of great importance to the United States 
Government, from a military standpoint, that there be 
a thriving nitrogen-fixation industry in this country. 
Although the War Department of the United States 
built, and attempted to operate as a war emergency, 
the first synthetic-ammonia plant of commercial size 
outside of Germany, still it feels that during normal 
times the development of such processes should be 
carried on by private interests. The experience and 
information that has been gained by the War Depart- 
ment will be of value under these conditions in so far 
as it is made available to the industry. As a step in 
this direction, the War Department has, therefore, ac- 
ceded to the request of the American Institute of 
Chemical Engineers that a paper be submitted describ- 
ing the German and United States synthetic-ammonia 
plants. 

The direct synthetic-ammonia process has been de- 
scribed in a previous paper’ by the author, which shows 
the steps and incidental processes involved in the 
industrial manufacture of ammonia by direct synthesis 
from its elements. The purpose of the present paper 
will be to indicate the methods of operation and types 
of apparatus and equipment that have been developed 
in the German and in the American plants. The plants 
in Germany and the United States are as yet the only 
industrial synthetic-ammonia plants producing the 
hydrogen and nitrogen gases by the water-gas and 
producer-gas methods. Some other smaller plants have 
been developed on the Continent for synthesizing am- 
monia from hydrogen produced electrolytically, but such 
processes are not generally applicable and have not 
been considered here. 


GERMAN PLANTS 


Two plants were built in Germany, one at Oppau 
with an annual capacity of 100,000 metric tons of am- 
monia and one at Merseburg with 200,000 tons rated 
capacity (respectively 110,000 and 220,000 short tons). 
Preliminary work on the Oppau plant was started in 
1912, and by 1914 a pilot plant of about 10,000 tons 
annual capacity was in operation. The main plant 
construction was started in 1914 and the rated capacity 
of the entire plant was reached in 1917. The Merse- 
burg plant was built mainly during the war and three- 


(si interest has arisen within the last few 





*Contribution from the Nitrate Division, Ordnance Department, 
Army. Published by permission of the Chief of Ordnance 
and presented at the thirteenth semi-annual meeting of the Ameri- 
can Institute of Chemical Engineers, held at troit, Mich., 
June 20-25, 1921. 
‘R. S. Tour, J. Ind. Eng. Chem., vol. 12, page 844 (1920). 


fourths of its rated capacity was in operation before 
the armistice was signed. The Merseburg plant has 
since been completed and can now develop its entire 
rated capacity. Both plants were designed and built by 
the Badische Anilin und Soda Fabrik after several 
years of experimental and development work. The same 
company also operated the plants, although the German 
Government furnished aid to the company in many ways 
during the war. 


AMERICAN PLANTS 


One synthetic-ammonia plant was built at Sheffield, 
Ala., by the United States Government as a war 
emergency measure in 1917. This plant had a rated 
annual capacity of 10,000 short tons of ammonia. In 
the main it followed the principles and processes tried 
in Germany, but construction was based directly upon 
experimentation and designs developed by the General 
Chemical Co. over a preceding period of several years’ 
duration. 

After negotiation between the United States Govern- 
ment and General Chemical Co., arrangements were 
made for the construction and operation of the plant 
at governmental expense, but according to the company’s 
plans and under its supervision. Experimental opera- 
tion was started in June, 1918, but continuous operation 
was not realized up to the time the plant was closed in 
January, 1919. Another synthetic-ammonia plant is 
now being built at Syracuse, N. Y., by the Atmospheric 
Nitrogen Corporation, a company formed by the Solvay 
Process Co. and the General Chemical Co. It is expected 
that this plant will start operations within the year. 
Several other corporations have been formed in this 
country within the last few years for the purpose of 
investigating or developing nitrogen fixation, but as 
yet none has proceeded with its plans far enough to 
start construction. 

After the Sheffield plant was closed, the Nitrate 
Division of the Ordnance Department very much desired 
that the development of the process be continued, but 
no satisfactory arrangements could be concluded with 
the General Chemical Co. for the latter to continue 
experimentation and plant development at Sheffield. 
The government then felt that it must proceed inde- 
pendently and the United States Fixed Nitrogen Com- 
mission was sent to Europe in June, 1919, to investigate 
the status of nitrogen-fixation there, particularly the 
Haber plants of Germany. During the summer of 1920, 
plans and redesigns of the Sheffield plant were under- 
taken, looking toward the substantial modification of 
the plant, to be followed by another operating period for 
further development. The general plans and programs 
are now nearly complete, but are being held in abeyance, 
awaiting commercial development of the process by 
private industry. In the meanwhile, the government 
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desires to aid the industry in any way possible, by mak- 
ing available some of its general information concern- 
ing the art. 


PRODUCTS OF GERMAN AND AMERICAN PLANTS 


The Oppau plant in Germany is the one to be de- 
scribed in this paper, since the writer, as a member of 
the United States Fixed Nitrogen Commission, during 
the summer of 1919 was fortunate enough to spend a 
week at that plant and inspect it thoroughly, submit- 
ting a report, dated Nov. 1, 1919, covering this inspec- 
tion. This report has served as the basis for much of 
the material and all the sketches relating to the German 
plant. Previous to the visit to the Oppau plant, the 
writer had been in direct touch with all the develop- 
ment and initial operation of United States Nitrate 
Plant No. 1 at Sheffield, Ala., and the descriptions and 
statements given here concerning that plant are from 
his report on the work there. 

The point of view taken in this comparison of the 
Oppau and Sheffield plants will naturally be somewhat 
different for each of the two plants, in view of the fact 
that the former was in its final stages of development 
and was an operating success at the time of inspection, 
whereas the Sheffield plant was never out of its initial 
development period. 

Only the synthetic-ammonia portions of the respec- 
tive plants will be corsidered here, although the Ger- 
man plant included several processes for the utilization 
of the ammonia, such as (1) the oxidation of part of 
the ammonia to nitric acid with the final production 
of ammonium nitrate; (2) the interaction of ammonia 
and carbon dioxide gas with gypsum to give ammonium 
sulphate; (3) the reaction of the ammonia-soda process 
between ammonia and carbon dioxide gas with brine to 
give ammonium chloride and soda. Auxiliary processes 
involving the use of carbon dioxide are very attractive 
in view of the fact that the gas is a byproduct in large 
quantity from the process. At the Sheffield plant there 
were installed ammonia oxidation, absorption, concen- 
tration, neutralization and @ystallization plants for 
the manufacture of the necessary war product, am- 
monium nitrate. 


THE PROCESS 


Before taking up the description of the plants, it 
might be well to mention the steps involved in the syn- 
thetic-ammonia process.’ 

Manufacture of Hydrogen and Nitrogen—Hydrogen 
is obtained by the “water-gas oxidation” method, 
wherein water-gas produced in standard machines is 
caused to react further with an admixture of steam 
in the presence of a catalyst according to the reaction 
CO + H,O S CO, + H,, converting (oxidizing) most 
of the carbon monoxide to dioxide and generating addi- 
tional hydrogen in so doing. The nitrogen in the mix- 
ture may be obtained by supplying air into the gas 
generator during the manufacture of the water-gas, or 
by the injection of air into the oxidation stage of the 
process, or by the admixture of straight producer-gas 
to the water-gas before oxidation. 

Purification of the Gases—The purification of the 
gas mixture is accomplished by high-pressure water- 
scrubbing to remove carbon dioxide, followed by am- 
moniacal cuprous solution scrubbing to remove carbon 
monoxide and incidental impurities. Auxiliary or 


*Editor’s Note: Further consideration of these steps is given 
In succeeding installments of this article. 
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special purification may further involve scrubbing with 
hot or cold caustic solutions, drying with soda lime or 
similar treatment. 

Manufacture of the Ammonia—The synthesis of the 
ammonia is finally accomplished in one portion of a 
continuous circulating system by passing the nitrogen- 
hydrogen mixture at high pressure and high tempera- 
ture over a suitable catalyst. The ammonia synthesized 
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FIG. 1—BPIAGRAMMATIC FLOW IN THE DIRECT 


SYNTHETIC-AMMONIA PROCESS 


is removed continuously by liquefaction or absorption 
in another portion of the circulating system, while the 
uncombined gases repeat the cycle together with addi- 
tional gas mixture introduced to replace that synthesized. 


GENERAL FACILITIES OF THE OPPAU PLANT 


The German plant is situated at Oppau, on the Rhine, 
about two miles below Ludwigshafen and about a mile 
from the main chemical plant of the Badische Anilin 
und Soda Fabrik, which controlled the plant and process.’ 
The Oppau plant covers 175 acres of ground and much 
more is available if necessary. There are about 250 
buildings or structures of various sizes and shapes. 
All the main buildings are substantially built of brick 
and steel and are logically arranged with carefully laid 
out streets. Necessary trackage, transportation facili- 
ties, cranes, etc., are provided throughout. 

Primary central power for the plant is furnished by 
a producer-gas-engine installation of 10,000-kw. capacity 
and a steam turbine station of 18,000 kw. capacity. 
Electric power is generated and distributed at 5,000 
volts, three phase, fifty cycles. In addition there are 
steam and gas engines for local power production at 
various points throughout the plant. Comparatively 
little of the central station power is consumed for the 
synthetic-ammonia manufacture, since, where compres- 
sors or pumps of large capacity operate continuously, 
they are directly driven by gas or steam engines. 

High-pressure steam (175 lb.) is furnished by water- 
tube boilers equipped with superheaters, mechanical 


‘Reference should be made to the articles on the “Manufacture 
of Synthetic Ammonia at Oppau, Germany,” published in CHEM. 
& Mer. ENG., vol. 24, pp. 305-8, 347-50 and 391-4 (1921). 
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grates and forced draft. The total heating surface is 
about 60,000 sq.ft., divided among thirty-two boilers 
of several sizes. The fuel is normally lignite, although 
some of the boilers are equipped for burning tar and 
oil and others for producer-gas. Low-pressure steam 
(50 to 60 lb.), necessary in different parts of the 
process, is supplied by tubular boilers heated by gas- 
engine exhaust. 

The main fuel for the plant is lignite in the form of 
briquets available near by in the valley of the Rhine. 
These are used for steam generation and for the pro- 
ducer or power gas manufacture. Considerable hard 
coal, or anthracite, is also used. The coke needed was 
purchased during the war, awaiting the completion of 
the byproduct coke-oven installation on the grounds. 
The total fuel consumption of the plant at capacity, 
including ammonia utilization processes, is about 2,500 
short tons per day, most of which is delivered from 
barges on the Rhine and taken care of by elaborate coal- 
handling equipment. 

Water is supplied by a pumping plant on the Rhine, 
operated with electric power and also by gas engines. 
All the water is filtered through sand and finally sup- 
plied to the plant at a pressure of 60 to 70 lb. The 
total water plant capacity is about 100,000 gal. per 
minute. 


SHOPS AND LABORATORY AT OPPAU 


The plant has large machine, pipe and repair shops. 
The equipment of these shops is complete in every re- 
spect and large enough to take care of the largest piece 
of apparatus in use at the plant. The administration 
offices and main research laboratory are housed in a 
beautiful building, fully and completely equipped, cost- 
ing in all about 3,000,000 marks. This building is in 
addition to the different routine testing laboratories and 
superintendents’ offices located in the individual build- 
ings where operating control is necessary. 

Each step of the process is housed in a separate build- 
ing and in many cases the high-pressure apparatus is 
adjacent to, but outside gf, the building assigned to it. 
The building itself contains the pumps, engines and 
other auxiliary apparatus together with the control 
valves and lines, which are carried through the walls 
from the apparatus outside and thus afford safety and 
shelter to the operators. Each step of the process 
involves several identical items of apparatus, operating 
in parallel; thus allowing the failure or repair of any 
single item without jeopardizing the balance of the 
process. The number of items installed is different 
for the respective steps of the process. No series of 
apparatus for all the steps is connected to form com- 
plete independent units for the entire process, but the 
entire plant works as one single unit with a productive 
capacity of 300 tons of ammonia per day. 


GENERAL FACILITIES OF THE SHEFFIELD PLANT 


The American plant is situated on the outskirts of 
Sheffield, Ala., about a mile from the Tennessee River. 
The plant proper occupies about 100 acres, although the 
plant has title to much more surrounding property. 
There are perhaps forty buildings, some of which are 
of a temporary nature, although the main process build- 
ings are of substantial and modern construction. 

Primary power for the entire plant is furnished by 
turbo-generators totaling 5,000 kw., generating at 2,200 
volts, three phase and sixty cycles. There is no power 
generation about the plant other than the above. The 
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power that is used for the synthetic-ammonia process is 
transmitted through rotary converters and used at 250 
volts d.c. The main purpose of the d.c. power was to 
allow a more flexible speed control in the operation of 
the synthetic process plant. 

High-pressure steam (190 lb.) is obtained from eight 
Stirling boilers of 500 b.hp. each, equipped with super- 
heaters, stokers and forced draft. There is nc installa- 
tion for low-pressure steam, but this is obtained through 
a reducing valve from the high-pressure main or is 
“bled” from the turbines. The fuel is bituminous coal 
except in the gas generators, where coke is necessary. 
The coal and coke are brought into the plant 
grounds by rail and are normally obtained from nearby 
localities. 

The use of direct-current power at Sheffield, Ala., is 
a definite inefficiency which is chargeable to the devel- 
opment of the process at that plant. In view of the 
fact that low-pressure or exhaust steam is necessary, it 
would have been much more advantageous to operate 
the experimental equipment in place with reciprocat- 
ing steam engines properly equipped with throttle or 
cut-off adjustments, these engines exhausting into the 
exhaust manifold for supplying the steam requirements 
of the plant. High-pressure steam used for low-pressure 
purposes is expensive and the bleeding of steam tur- 
bines puts them at a disadvantage in comparison with 
reciprocating engines. 

Water is supplied by a pumping station situated about 
two miles distant near a large spring and creek having 
the necessary capacity all year round. There is a filter 
plant on the plant grounds where all the water used 
may be filtered through sand and finally supplied to 
the plant at a pressure of 40 to 50 Ib. 


SHOPS AND LABORATORY AT SHEFFIELD 


The plant has but one small machine shop and gen- 
eral repair shop and the equipment there installed is 
not sufficiently large to take care of the larger pieces 
of apparatus connected with the synthetic-ammonia 
process. If such work should become necessary, the 
apparatus would have to be shipped to a properly 
equipped machine shop in some other locality. The 
administration and control laboratory buildings are of 
temporary nature and have been held over from the 
construction period. The plan was to erect permanent 
buildings in accordance with their necessity at some 
later date. 

The lack of large enough and properly equipped ma- 
chine and repair shops was found to be a serious handi- 
cap immediately after starting operation. The omis- 
sion of a crane for moving the heavy apparatus in the 
main ammonia process building was another serious 
oversight. The lack of an administration building was 
not seriously felt, but the need of a properly equipped 
research laboratory with the necessary personnel im- 
mediately became evident. The latter is a very neces- 
sary adjunct to the process in such a stage of develop- 
ment as it was at Sheffield. 

Practically all the steps of the process are housed in 
one large building. All the high-pressure apparatus, to- 
gether with pumps, motors and controls, are also within 
the building. Only the water-gas machines and their 
auxiliaries are separately housed. It is evident that this 
general scheme is undesirable in a commercial plant, 
especially one in a developing stage, since the rupture 
or explosion of one piece of apparatus endangers the 
entire equipment of the process. The crowding neces- 
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sary to place so much equipment under one roof caused 
many inefficiencies in proper development or operation. 

The gas purification and ammonia-synthesis por- 
tion of the plant consists of three separate and inde- 
pendent units not interconnected although in the same 
building. The different steps of the process in each 
unit involve but single items of apparatus with spares 
where considered necessary. The operation of inde- 
pendent units with but single items of apparatus in 
some of the steps requires the shut-down of the com- 
plete unit in case of a failure to function of any single 
item. In view of all these handicaps it speaks well for 
all concerned that operation resulted in no serious mis- 
haps and that success seemed finally within grasp. 

Unit No. 1, the only unit upon which complete opera- 
tion was attempted, and Unit No. 2 were rated at 
15,000 lb. of anhydrous ammonia each per day. Unit 
No. 3, which was never completely installed, carried 
larger apparatus than the other units and was rated at 
30,000 lb. of ammonia per day. 

This article is to be continued. Part II will describe 
the manufacture of hydrogen and nitrogen, Part III the 
purification of these gases, Part IV will discuss the 
manufacture of ammonia and Part V will present some 
consideration of costs. 





Permanence of Steel Gages 


T A recent meeting of interested manufacturers, 

called by the Ordnance Department, U. S. Army, 
for the purpose of considering ways and means for more 
satisfactory gages, it was pointed out that the most 
difficult problem to be solved is that of finding a steel 
that will “stay put”—i.e., one in which the dimensional 
changes after hardening are negligibly small. It is 
well known that at present the dimensional changes 
occurring in hardened steels during “aging” are very 
irregular in magnitude, direction and rate of change. 
Claims reported to have been made for a certain steel 
which is absolutely uniform in behavior on hardening 
were discounted. 

No single composition or heat-treatment should be 
expected to be satisfactory for all types of gages; ease 
of machining, hardness of surface, resistance to abra- 
sion, resistance to corrosion, freedom from distortion 
on hardening, and other characteristics being of dif- 
ferent relative importance under different conditions of 
manufacture and use. Brinell hardness or file hardness 
is not necessarily a measure of abrasive resistance, and 
it is well known that alloy steel gages will outwear 
carbonized plain steel gages of much greater apparent 
hardness. 

For plugs and rings a tool steel of 1.15 to 1.20 per 
cent carbon had been found satisfactory. For this pur- 
pose a steel with good wearing qualities and free from 
hard or soft spots is of prime importance. Freedom 
from slight dimensional changes after hardening is not 
so important for this class of work. From the informa- 
tion now available it would seem that ball race steel 
is best suited to the purpose. Manufacturers of ball 
race steel have specifications as to quality, but these 
may be found inadequate. 

Dr. Mathews stated that in a series of experiments 
conducted by him in 1920 it was found that by differ- 
ing the heat-treatment the dimensional changes could 
be very largely controlled. Extreme hardness arid high 
resistance to abrasion are not compatible with freedom 
from dimensional changes after hardening, and it may 
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be necessary to sacrifice hardness to some extent in 
order to secure stability of dimensions. 

Heat-treatments that are supposedly the same often 
differ widely, and the heat-treatment as actually car- 
ried out in the plant may differ markedly from the 
instructions given and the program laid out. It may, 
therefore, be possible that observed differences in 
behavior of steels are due to differences in heat- 
treatment even when the treatment is supposedly uni- 
form. Many factors affect the heat-treatment, rate 
of heating and time at the maximum temperature being 
perhaps the most important. The presence of chromium 
has a decided effect on the softening under heat; 
chromium steel softening at a lower temperature than 
straight carbon steel. It had been found to be good 
practice to draw at as high a temperature as possible 
without reducing the hardness too much. The benefi- 
cial effect of chromium in reducing corrosion and dis- 
coloration of polished surfares was also mentioned. 

In work on gage blocks it was found that the steel 
giving the smallest dimensional change on hardening 
did not always show the smallest subsequent change; 
nor did the rate of change after hardening always 
decrease with time. Certain blocks showed very irregu- 
lar changes of length, some remaining practically con- 
stant for one or two months or more, and then suddenly 
undergoing very considerable changes. 





Standard Code of Lighting for Mills 


The code of lighting for factory mills and other work 
places, based upon earlier codes issued by the Illuminat- 
ing Engineering Society and recently revised by a sec- 
tional committee under the sponsorship of this society, 
has been officially approved as American standard by 
the American Engineering Standards Committee. 

The code was first issued by the I.E.S. in 1915 and 
was revised slightly in 1918. Since June, 1920, the 
revision of the code has been carried out under the 
rules of procedure of the American Engineering Stand- 
ards Committee. Pursuant to these rules, there was 
organized for the purpose of “revising the code a sec- 
tional committee consisting of representatives of the 
following societies and organizations: American Gas 
Association, American Institute of Electrical En- 
gineers, American Society of Mechanical Engineers, 
Association of Edison Illuminating Companies, [Illu- 
minating Engineering Society, International Associa- 
tion of Industrial Accident Boards and Commissions, 
National Association of Cotton Manufacturers, Na- 
tional Electric Light Association, National Safety 
Council, National Workmen’s Compensation Service 
Bureau (now the National Bureau of Casualty and 
Surety Underwriters), U. S. Bureau of Standards, U. 
S. Department of Labor, U. S. Public Health Service. 

The code is very brief, consisting of a few rules 
covering the minimum requirements, from the point of 
view of safety, for the illumination of traverse spaces 
during the time of use, methods for the avoidance of 
glare, and for exit and emergency lighting. 

State lighting laws based upon the I.E.S. code have 
already been put into effect in Pennsylvania, New 
Jersey, New York, Wisconsin, Oregon, California and 
Ohio. The adoption of the code is now under considera- 
tion in several other states. 

Copies of this code may be secured from the Amer- 
ican Engineering Standards Committee, 29 West 39th 
t., New York City. Price 25 cents each. 
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sThe Slip Interference Theory of the Hardening of Metals 





A General Reply to Many Questions Raised by Various Commentators—Since Martensite Is Undoubtedly 
Alpha Iron, the Widely Accepted Allotropic Theories Must Be Discarded—Carbon Is 
Held in Martensite as Dispersed Atoms 


By ZAY JEFFRIES anp R. S. ARCHER 





Theory of the Hardening of Metals” in the June 

15, 1921, issue of this journal, several discussions 
have appeared.’ It is interesting to note that the funda- 
mental propositions of the theory were heartily indorsed 
by most of these scientists. 


G ties the presentation of “The Slip Interference 


ROLE OF AMORPHOUS METAL 


Heyn has received the impression that the authors 
attribute the hardness of cold-worked metals chiefly 
to amorphous metal, and dissents from such an explana- 
tion inasmuch as he does not accept the amorphous 
metal hypothesis. As a matter of fact, the authors 
attribute the hardness of cold-worked metals chiefly 
to the disregistry of slip planes produced by the frag- 
mentation of the original grains. Any amorphous metal 
present at the slip planes and grain boundaries would 
of course contribute to the hardness, but is held to be 
at most a minor factor. Westgren also questions the 
importance of amorphous metal as a cause of hardness. 
The views of the authors on.this subject have been set 
forth more fully in a later paper “The Amorphous Metal 
Hypothesis,” which appeared in CHEMICAL & METAL- 
LURGICAL ENGINEERING, Oct. 12, 1921. The conclusion 
was there reached that the effect of amorphous metal 
on hardness has been greatly exaggerated by exponents 
of the amorphous metal hypothesis. 

In the original article the authors considered that 
“strain” hardening is due in part to change in orienta- 
tion of the crystalline fragments on deformation. At 
that time definite proof was lacking that change in 
orientation actually occurs during cold-working. This 
has since been supplied in an article by Bain and Jef- 
fries (CHEM. & MET. ENG., Oct. 26, 1921), in which it 
was shown that severe cold deformation of coarse- 
grained metal produces mixed orientation. 

Honda thinks it improbable that a few per cent of a 
hard constituent in the form of highly dispersed par- 
ticles can be responsible for much hardening. He com- 
pares the hardening of metal crystals by small hard 
particles to the hardening of gelatin by similar par- 
ticles. The two cases are entirely dissimilar, as pointed 
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out in the original paper. The case for the “critical 
dispersion” proposition rests largely on studies of the 
hardening by heat-treatment and aging of certain alu- 
minum base alloys, as first developed by Merica, Wal- 
tenberg and Scott. Honda does not accept this explana- 
tion of the hardening of duralumin and offers an expla- 
nation of his own based on an assumed allotropy of 
aluminum. The experimental facts which he presents 
are entirely in harmony with the critical dispersion 
theory. We feel that the alternative hypothesis which 
he offers is practically untenable in view of the failure 
by many investigators, using all available methods of 
research, to find any evidence of allotropy in aluminum. 
It is significant that the metallurgists of the Nationa] 
Physical Laboratory of Teddington, England, who have 
been engaged for years in intensive research upon alu- 
minum and its alloys, appear to have adopted the “dis- 
persion” view, at least as a working hypothesis. 


HARDENING OF SOLID SOLUTIONS 


The authors have attributed the hardness of solid 
solutions largely to increased interatomic forces, saying 
that in general the attraction between unlike atoms is 
greater than that between like atoms. Professor Sau- 
veur has asked for evidence, or for references to evi- 
dence, that this is the case. To be more specific, the 
statement should be that when two elements form solid 
solutions or chemical compounds, the attractive forces 
between the unlike atoms exceed those between like 
atoms, since otherwise neither solution nor combina- 
tion would take place. Consider a bronze containing 
about 7 per cent tin, for example. As cast the structure 
is made up of dendritic crystals rich in copper in the 
interior, but with the tin concentrated near the boun- 
daries. This effect, called “coring,” is found in all 
solid solution alloys. Now if the bronze is heated for 
a sufficient time at a suitable temperature, diffusion 
takes place and there is obtained a homogeneous solid 
solution of tin in copper. This shows that the attrac- 
tion of copper atoms for tin atoms is greater than the 
attraction of copper atoms for each other, or of tin 
atoms for each other. If.this were not the case, anneal- 
ing would cause further segregation rather than an 
approach to homogeneity. 


CONSTITUTION OF AUSTENITE 


Most of the discussion relates to the authors’ appli- 
cation of their general propositions to the specific ques- 
tion of the hardening of steel. Some of the points 
raised in this connection are vital to the explanation 
advanced for the hardness of martensite, while others 
are merely incidental. 

Among the latter is the question of the condition 
of the carbon in the solid solution austenite. This was 
a subject of contention years ago, and perhaps a major- 
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ity of metallurgists have come to the conclusion that 
the carbon is dissolved “as cementite.” It has been 
pointed out by some, however, that the evidence avail- 
able was insufficient to decide one way or the other. 
In the light of the recent knowledge of crystal structure 
and of the constitution of solids, knowledge made avail- 
able largely by the methods of X-ray analysis, the 
authors considered it probable that the carbon in aus- 
tenite is present as individual atoms. The development 
of their conception of martensite proceeded from this 
view, but the essentials would not be changed if aus- 
tenite were regarded as a solution of molecular iron 
carbide. 

The view that cementite dissolves “as such” implies 
the presence in austenite of physical units or molecules 
of carbide. The X-ray work of the Braggs, Hull and 
others has shown that the crystals of many chemical 
compounds are built up of atoms arranged in definite 
and repeated patterns and so related that no particular 
combination of atoms can be picked out as constituting 
a physical unit or molecule. In sodium chloride, for 
example, each sodium atom is surrounded by six simi- 
larly related atoms of chlorine, and it cannot be said 
that any particular pair of atoms constitute a molecule. 
As a result of these studies modern chemical theory is 
tending to the view that in solid crystals there is in 
general no unit smaller than the crystal as a whole. In 
other words, the crystal is the molecule. 

There are some crystalline substances in which the 
unit of structure appears to be a definite group of atoms 

that is, a molecule. Examples are sulphur, in which 
the molecule contains eight atoms, and ice, which is 
built up of molecules of H,O. It is characteristic of such 
substances that they can be vaporized and that the 
molecule persists in the vapor form. 


CEMENTITE MOLECULE UNCERTAIN 


The structure of crystalline cementite is found by 
the X-ray method to be quite complex and is not yet 
worked out. Cementite cannot be vaporized without 
decomposition, and there is at present no evidence of 
the existence of definite molecules. In the absence of 
such evidence, it is most simple and logical to consider 
that the units in the cementite space-lattice are atoms 
of iron and carbon, and that there is no cementite mole- 
cule other than the crystal. The burden of proof lies 
with those who suppose that molecules of cementite do 
exist and are present in austenite. 

If we assume the existence of iron carbide molecules, 
they must contain at least three atoms of iron and must 
therefore be much too large to diffuse as units through 
the rigid lattice of either gamma or alpha iron. Dr. 
Westgren contends that the diffusion of carbon in iron 
may take place by the progressive transfer of carbon 
atoms from one group of iron atoms to the next, the 
iron atoms remaining stationary. He considers that in 
each position of a carbon atom it is part of a definite 
group or molecule. The authors would not regard a 
group of iron and carbon atoms as a molecule unless 
the group retained its identity in such physical changes 
as diffusion, solution and precipitation. Their difference 
with Dr. Westgren is perhaps chiefly one of terminology 
rather than of physical fact, and does not appear to be 
important for practical purposes. 

It may be mentioned that Dr. Irving Langmuir, who 
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stands pre-eminent for his work on the constitution of 
solids, has been consulted personally by the authors and 
is strongly of the opinion that carbon is present in 
austenite as individual atoms. 


CONDITION OF IRON IN MARTENSITE 


The problem of the hardening of steel is considerably 
simplified if we can state definitely the allotropic form 
of the iron in martensite. A number of reasons had 
long existed for supposing the iron to be of the alpha 
modification, and some metallurgists had formed the 
opinion that such was the case, but the evidence was 
not entirely conclusive. In their original paper on Slip 
Interference, the authors pointed out as a final argu- 
ment the results of X-ray analysis which show with- 
out any question that most of the iron in martensite 
possesses the space-lattice characteristic of alpha iron. 
Professor Heyn was not convinced by the previous evi- 
dence and wrote that he awaited with interest the pre- 
sentation of the X-ray work referred to. Part of this 
has since been described in detail in this journal, but 
similar results were given earlier by Dr. Arne West- 
gren. Dr. Westgren not only showed that gamma iron 
and austenite are face-centered, while alpha iron and 
martensite are body-centered, but he also showed that 
iron in the so-called beta range of temperatures has the 
lattice characteristic of alpha iron. 

Failure to obtain the gamma iron diffraction pattern 
from a specimen of hardened steel does not of course 
show that no gamma iron is present, but merely that 
there is not enough gamma iron present to give a visible 
image on the film under the particular conditions of 
experiment employed. We know, as a matter of fact, 
that a certain hypereutectoid steel quenched drastically 
gave both alpha and gamma iron patterns. In this case, 
both austenite and martensite were visible under the 
microscope, and the gamma iron pattern was presumably 
due to the austenite. With lower carbon steels the 
gamma iron pattern was not found nor was austenite 
observed. Furthermore, the presence of a small amount 
of gamma iron would not complicate matters from our 
present viewpoint, since we cannot conceive any way in 
which it could act as a cause of hardness. 


GRAIN SIZE OF MARTENSITE 


The authors’ statement that the ferrite in martensite 
is of submicroscopic grain size has been questioned by 
Professor Sauveur, who holds that insufficient evidence 
was given to substantiate this important point. The 
crystals of alpha iron, which we know constitute the 
bulk of martensite, form from austenite in a very short 
period of time during quenching. Each crystal begins 
as an extremely small nucleus and would have to exhibit 
rapid grain growth to attain any large size. When pure 
iron is quenched from above A,, well-developed grains 
of alpha iron, easily visible under the microscope, are 
always obtained. These grains are formed at and just 
below 900 deg. C. D. J. McAdam has shown in his dis- 
cussion how the velocity of grain growth in alpha iron 
decreases with the temperature, and how the lowering 
of the transformation temperature by carbon is suffi- 
cient to account for a vast decrease in grain size. He 
believes that any lowering below about 750 deg. C. is 
insignificant, because of the comparatively low velocity 
of grain growth in ferrite at this temperature. The 
authors can not quite agree to this, because the grains 
involved are very small, and small grains grow readily 


— — Ve ies 


February 8, 1922 


at temperatures so low that larger grains are inert. 
It is significant, therefore, that the work of Portevin 
and Garvin’ has shown that the actual temperature of 
formation of martensite is about 300 deg. C. This makes 
it still more improbable that large grains of alpha iron 
are formed. We may consider for comparison, although 
not an exact comparison, pure iron in the severely cold- 
worked condition. Here we know that the grain frag- 
ments are of submicroscopic size and that there are no 
signs of growth even after long heating at 300 deg. C. 

In steel there is an additional factor not present in 
pure iron—namely, the obstructing effect of carbon. 
Whether the carbon is considered to be in the form of 
individual atoms, or.of carbide molecules, or of minute 
crystals of cementite, it must have an important in- 
hibiting effect on the growth of the grains of alpha iron. 

It is thus seen that the conditions of formation of 
martensite favor minute grain size. Obviously there 
can be no visual observation of submicroscopic grains. 
The most direct evidence is probably to be obtained by 
means of the X-ray spectrometer, and in the original 
article the authors described how this instrument shows 
qualitatively that the alpha iron grains in martensite 
are small as compared with the parent austenite grains. 
The method may be capable of quantitative results, but 
these have not yet been obtained. 

Knowing that the ferrite grains are considerably 
smaller than the eld austenite grains, we may well ask, 
“By what they are represented in the structure seen 
under the microscope, if they are indeed large enough 
to be seen?” To the present writers the absence of any 
unit resembling “grains” is a strong indication that the 
grains actually are submicroscopic.’ - 


CONDITION OF CARBON IN MARTENSITE 


Carbon must be present in martensite as carbon 
atoms, carbide molecules or crystals of cementite. Mag- 
netic analysis of eutectoid martensite fails to show the 
presence of crystalline cementite. The method is cap- 
able of revealing the cementite in steel containing 0.1 
per cent carbon, so we must conclude that less than this 
amount of carbon in eutectoid martensite is in the form 
of crystalline cementite. The formation of crystalline 
cementite is accompanied by a contraction in volume, 
as shown by Andrew, Rippon and Miller, and brought 
out in the discussion by McAdam and Styri. The tem- 
pering of martensite or the spontaneous aging of freshly 
hardened steel (Brush) causes a contraction in volume, 
indicating the formation of cementite. The tempering 
is known to cause the appearance of the magnetic change 
point of cementite at about 220 deg. C. Whether or not 
spontaneous aging, or long heating at 100 deg. C. would 
cause this has not been determined as far as we know. 
All lines of evidence point to the absence of crystalline 
cementite in the martensite of freshly hardened eutec- 
toid or hypo-eutectoid steels, and to its formation on 
reheating even at temperatures so low that there is no 
decrease in Brinell or scleroscope hardness. What 
the product of this low temperature heating should be 
called is a matter of nomenclature. McAdam has raised 
a question concerning the structure produced by reheat- 
ing austenitic manganese steel. The first occurrence is 
probably the precipitation of free cementite. At this 
stage the authors would say the structure consisted of 
austenite plus cementite. After martensitization of the 


‘J. Iron and Steel Inst.. No. 1, 1919, p. 469: 
*A note on the grain size of martensite by Bain and Jeffries now 
awaits publication, and answers Prof. Sauveur, in part.—Eprror. 


CHEMICAL AND METALLURGICAL ENGINEERING 251 


austentic matrix the structure would be described as 
martensite plus cementite. 

For those who believe austenite to contain carbide 
molecules, there is but one conclusion as to the condi- 
tion of carbon in martensite. It must be in the form 
of carbide molecules which have not yet had time to 
associate themselves into cementite crystals. These 
molecules, like atoms of carbon, cannot be in equi- 
librium in solution in alpha iron, since the solubility of 
carbon in alpha iron is very low. 

The authors believe that carbon is dispersed in aus- 
tenite as atoms, and that the only carbide molecule is 
a cementite crystal. On this basis the carbon in freshly 
formed martensite must be largely in the form of car- 
bon atoms, since there is no stage between the atom and 
the cementite crystal which we know to be absent. This 
view is consistent with the observation reported by 
Honda, that the tempering of martensite liberates an 
amount of heat proportioned to the carbon content of 
the steel and equal to about one-third of the heat given 
off during slow cooling at Ar.,. 

It is not only possible but quite probable that some of 
the carbon in martensite combines with the iron to form 
cementite at room temperature. Brush’ found a heat 
evolution at ordinary temperature in recently quenched 
high-carbon steel so marked that he could measure the 
temperature rise 35 days after quenching. The maxi- 
mum temperature rise was, however, a few hours after 
quenching. Heyn found that the maximum rate of heat 
evolution in freshly quenched steel when heated oc- 
curred at about 360 deg. C. All of these results point 
to the substantial absence of cementite in freshly formed 
martensite and to a very incomplete formation in mar- 
tensite aged for long periods at ordinary temperatures. 


CAN INTERNAL STRAIN HARDEN? 


“Internal strain” is referred to frequently as a cause 
of the hardness of martensite. It is seldom explained 
just what is meant by “internal strain,” or how it 
could cause hardness. The term seems to mean either 
internal stresses or internal plastic deformation, or 
both, and both conditions are supposed to result from 
the volume change involved in hardening. 

The internal stresses which we know to exist in hard- 
ening steel correspond exactly to stresses which can be 
set up in any pure metal or alloy by rapid temperature 
change. In hardened steel bursting often occurs as a 
result of these stresses, on account of the great brittle- 
ness of the metal, whereas a more ductile material would 
not show such striking signs of its stressed condition. 
The internal stresses can be proved to be present, how- 
ever, and can be removed without changing the hard- 
ness. It has been shown without doubt that the stresses 
in cold-worked alpha brass can be removed without 
causing any appreciable change in strength or hardness. 
These stresses are general in character. If it is sought 
to attribute hardness to local stresses, it must further 
be remembered that the algebraic sum of all the stresses 
in a piece must be zero, and any effect of a local tensile 
stress would be exactly neutralized by a corresponding 
compression stress. We feel that internal stresses can 
be disregarded as a cause of hardness.‘ 

The view that hardening is due to internal deforma- 
tions analogous to cold-working is somewhat more plaus- 
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ible. If we grant that the volume change is capable of 
producing slip on a large proportion of the possible 
planes, then this idea has at least this advantage: it 
offers as a possible mechanism for the hardening the 
disregistry of potential slip planes. No appreciable 
amorphization by such internal deformation seems 
likely, because if the slips are sufficiently numerous to 
account for the hardening, they must be very slight in 
extent and, as pointed out in a later paper of the 
authors on “The Amorphous Metal Hypothesis,” such 
slips probably do not result in the formation of amor- 
phous metal. Since hardness must be attributed to 
disregistry, or end support of slip planes, the mechan- 
ism of hardening on this basis would be very much the 
same as the hardening due to grain refinement. 

The question is then whether the volume change which 
accompanies martensitization is capable of producing 
the necessary amount and distribution of internal slip. 
Although the cases are not entirely similar, we may 
consider in this connection the hardening effect in rela- 
tion to the amount of deformation in ordinary processes 
of cold-working. The change in linear dimensions on 
hardening a 1.41 per cent carbon steel is 0.38 per cent, 
according to Brush. A similar change in the external 
dimensions of pure iron by cold-working would of course 
produce a practically negligible hardening effect. The 
exact manner in which martensitization occurs must be 
at present largely a matter of specuiation. We may say, 
however, that the expansion effect begins with the for- 
mation of the less dense alpha modification. The bulk of 
the steel is at that time austenite, and it seems that 
any displacements necessary to accommodate the ex- 
pansion would take place in the austenite rather than in 
the newly formed and fine-grained martensite. This 
preference should continue at least until half of the 
steel is transformed. The effects of any such deforma- 
tion in the austenite are obliterated when that phase 
is transformed, except that such deformation may stim- 
ulate the formation of ferrite nuclei in the crystallo- 
graphic planes of the austenite. It does not seem pos- 
sible that the volume change could result in a condi- 
tion in all of the newly formed constituents correspond- 
ing to extremely severe cold-working. 


FINE GRAIN IS PRINCIPAL HARDENER 


The authors stated that the hardness of martensite 
was due to two things: (1) The submicroscopic grains 
of ferrite and (2) the hardening effect of the carbon. 

They considered that the presence of submicroscopic 
grains of ferrite was the major and the carbon the 
minor cause. According to the thesis presented pure 
iron by virtue of its absolute cohesion has the poten- 
tiality to produce the hardness of martensite if one 
could minimize the effect of planes of weakness— 
namely, the potential slip planes of the crystal grains. 
According to this view, it is possible to develop hardness 
either by great grain refinement or by the dispersion 
within larger grains of a few per cent of hard particles 
of critical size. Either of these conditions may be 
capable of developing maximum hardness. It is not 
contended, however, that because either condition is 
capable of developing maximum hardness such a state 
often obtains in hardened steels. Usually the critical 
dispersion of hard particles superimposed on a fine- 
grained structure will harden, and vice versa. 

Professor Sauveur calls attention to the general simi- 
larity of the authors’ conclusions concerning the hard- 
ness of martensite and certain proposals made by other 
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The authors 
pointed out a general similarity between their views and 


investigators, particularly Le Chatelier. 


those of Grenet and McCance. It is not strange that 
these similar views should have been expressed on a 
subject concerning which so many speculations had been 
published. It is significant, however, that the opinion 
prevailing in spite of these theories tended almost uni- 
versally toward an “allotropic” cause of hardness. 
Howe says in “Metallography of Steel and Cast Iron” 
(1916), p. 183: “What is the nature of the interme- 
diate hardened state .. . .? The agreement is almost 
universal that it is allotropic in the sense that the iron 
of the hardened steel is not the alpha iron familiar to us 
in our common annealed steel. Opinion is divided as to 
the nature of this allotropy.” 


X-Rays HAVE PROVED THAT BETA IRON 
DoEs NoT EXIST 


The information obtained by X-ray analysis now 
permits us to say that the iron of the hardened steel is 
the alpha iron familiar to us in annealed steel. With 
the mystic causes of hardening eliminated and with 
alpha iron demonstrated to be the predominant con- 
stituent of martensite, we return again to the two con- 
ditions mentioned in the original article as the logical 
causes of hardening. To attempt to give each of these 
factors its proper value quantitatively might seem to 
be carrying speculation too far. The. authors wish to 
make it clear that any evaluation of these two factors 
would be consistent with the Slip Interference Theory 
of Hardening inasmuch as grain refinement and dis- 
persion of small hard particles both harden by inter- 
fering with slip. Le Chatelier attributed most of the 
hardness of martensite to the carbon in solid solution. 
It is now known that the carbon can be present as 
cementite—for example, after tempering a quenched 
high-carbon steel at 225 deg. C.—and the steel will vet 
possess a hardness of the same order of magnitude as 
martensite. Here is a case where the great hardness 
cannot be attributed to carbon in solution. It is cer- 
tain, however, that carbon dispersed in iron as atoms 
would harden the metal. That the attractive force be- 
tween carbon and iron atoms is very great is proved 
by the hardness of cementite. These forces, per se, 
must be manifest in austenite. The extreme hardness 
of cementite would not be possible without great atomic 
attractions between iron and carbon, but it is the par- 
ticular structure of crystalline cementite that makes 
it possible to utilize this great atomic attraction to form 
a hard body. Since rather large amounts of carbon in 
solution do not produce marked hardness in coarse- 
grained austenite, it seems illogical to suppose that one- 
third as much carbon in solution in coarse-grained fer- 
rite would produce marked hardening. 

Having reached this conclusion, it seems necessary to 
assume that either the fineness of ferrite grain or the 
association of iron arid carbon atoms into small hard 
particles (keys) accounts for the hardness. The evi- 
dence for the existence of submicroscopic grains has 
been given above. There is no evidence pointing toward 
large grains. The evidence for assuming a substantial 
absence of cementite in freshly formed martensite 
(which is hard) has been considered. There is con- 
siderable evidence to the effect that the carbon and iron 
atoms in martensite associate during tempering. It 
seems logical, therefore, to attribute the major portion 
of the hardness of martensite to fineness of grain. 
Cleveland, Ohio. 
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the trade, belongs to the great class of asphaltic 

products. In fact the first MR to be placed on 
the market in England several years ago was a variety 
of natural asphaltic pitch. Later it was found that the 
combination of this and similar substances with the 
harder bitumens, such as gilsonite, gave a product more 
in demand by the rubber industry. Shortly after the 
introduction of this material, the so-called asphalt and 
mixed-base petroleums of the mid-continent and Mexican 
fields began to be developed. It was found that by 
blowing the still residues from these oils a material 
similar to the natural asphalts could be obtained. This, 
when mixed with gilsonite, gives a satisfactory MR. 
In practice it is customary to mix the gilsonite and 
still residue previous to blowing. Recently several 
firms have brought out MR produced entirely from still 
residues. 

The various grades of MR now on the market have 
largely been developed by the cut-and-try method. 
There has been practically no co-operation between MR 
manufacturer and consumer. In the past the manufac- 
turer has submitted samples to the various companies 
with the request that they try them out. This was 
done and one sample was marked “the best.” The 
same practice was continued with other consumers and 
when a sufficient consumption was assured, large-scale 
production was begun. 

This is fundamentally wrong. Neither producer nor 
consumer obtain the maximum from the material. No 
one knows the effect of a slight alteration in physical 
properties. The purpose of this paper is to bring out 
the desirable and undesirable properties of MR for the 
benefit of others who use this material and particularly 
in order that those who prepare it may appreciate more 
fully how their product is employed and, having an 
appreciation of the needs of the trade, that they will 
endeavor to prepare a more satisfactory material, thus 
permitting its use in larger quantity. 


Experimental Data 
MATERIALS USED 

The rubber used was a carefully selected pale crépe 
of excellent quality. 

The MR employed was prepared from mid-continent 
asphalt residue and gilsonite by the usuai blowing 
procedure. A material meeting the specifications out- 
lined below has been in use for several years and has 
proved eminently satisfactory. Its aging properties are 
excellent and there are no difficulties met with in the 
factory: 


M tesa RUBBER, or MR as it is known in 


ROE adittiv cn oxa9e yes 19996 vee0)> epsilon’ 0.5 per cent 
i a a ces wee 190 + 10 deg. C. 


*Paper presented before the Division of Rubber Chemistry at 
the New Yofk meeting of the American Chemical Society, “Sept. 
6 to 9, 1921, and published by permission of the Society. 


Cube Methed: A cube of MR is suspended on a wire in 
an air bath with the apex 2.5 cm. from the bottom, 


Heating is at the rate of 5 deg. C. per minute. Softening 
point is taken as that temperature at which the MR flows 
down and meets the bottom. 

Ng kk css cha vtvcaw et oesiees eeunweae 70 to 90 

New York Penetrometer: 150 g. weight (total weight 200 
g.); time, 60 seconds; temperature, 75 deg. C. Standard 
New York Testing Laboratory Penetrometer Tempera- 
ture maintained constant for 45 minutes previous to 
beginning tests. 

EES, 5 ocacesdsanséseenns Maximum 565 per cent 
MR crushed to 10 mesh, dissolved in 90 per cent benzene. 
Kahlbaum’s reagent acetone or c.p. acetone redistilled 
over calcium chloride to which has been added two drops 
N/100 NaOH per 100 c.c. is used as a precipitant. Filter 
through Gooch. 

It might be mentioned that this MR, in common with 
all other grades known to the writer, is partly con- 
verted on vulcanization to an insoluble material. Thus 
for the grade in question, it has been found that sub- 
sequent to vulcanization only about 45 per cent of the 
added MR may be removed by acetone extraction and 
about 10 per cent by chloroform. The color of the 
chloroform extract gives a distinctive test for MR, 
being dark and fluorescent. Approximately 45 per cent 
becomes insoluble. 

The carbon black, zinc oxide and barytes employed 
were standard high quality materials. 


FORMULAS 


The stocks with but one exception consisted solely 
of rubber, sulphur and the material under test, and the 
sulphur ratio was 10 per cent on the weight of the rub- 
ber. Fillers such as MR, black, zinc oxide and barytes 
were added in definite volume ratios to 100 volumes of 
rubber. 

The exception noted will be found under resilience, 
where for purpose of comparison a base formula of 
100 pale crépe, 5 ZnO, 6 sulphur, 3 thiocarbanilide was 
taken. 

MILLING 


Batches approximated 1,000 g. in weight and were put 
up on a small laboratory mill. The MR was placed on 
the cold rolls first. 


CURING 


Sheets 2 mm. in thickness were vulcanized at 24, 23, 
3, 3%, and 83 hours at 141 deg. C. in a standard 
hydraulic press. 


METHODS OF CONDUCTING TESTS 


Complete stress-strain curves were obtained on a 
Scott testing machine by the two-observer method. 

Stress-strain data at low elongations and hysteresis 
loops were obtained on a machine developed by R. D. 
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Evans, of the Goodyear Research Laboratories. This 
machine consists essentially of a large balance. One 
arm carries a bucket into which water flows at a 
definite predetermined rate (2 kg. per minute). 

By means of a floating siphon an outflow of 1 kg. 
per minute is maintained, making the rate of loading 1 
kg. per minute. On the return or down curve of 
hysteresis loops it is only necessary to shut off the 
inflow of water, when the release of load is at the rate 
of 1 kg. per minute., The test-piece is attached to 
the other arm and the lower mark kept to certain point 
by means of a small windlass. 

The method of adding load is unique. It is our belief 
that much of the non-agreement of usual stress-strain 
data is due to the fact that standard test conditions 
have not been maintained. In the ordinary testing 
machine the uniform motion of one jaw does not at all 





TABLE I—STRESS-STRAIN DATA 
Cure 2} hours at 141 deg. C. 


Voll ——————Load in Kg. per Sq.Cm. Producing——————. Elong. Tensile 
MR at at 
to 100 —-——-———Elongations, per Cent ~ Break Break, Break* 
Vol. 106 «6200 3 400 500 600 700 800 900 Per Kg. per 
Rubber Cent 8q.Cm 
0 4 6 8 12 18 24 36 «670 130 138 960 1,440 
1 5 8 II lo 20 30 4 «76 131 880 1,280 
3 5 8 10 14 21 30 49 90 167 190 950 1,960 
5 4 6 12 14 21 3 49 #9 167 211 950 2,210 
7 5 8 13 18 25 36 58 109 188 214 930 2,200 
10 4 x 14 20 28 40 66 120 201 210 910 2,120 
13 5 8 13 19 28 42 67 112 196 900 =—«1,960 
15 5 10 13 19 28 4) 67 116 191 200 910 2,020 
20 6 10 15 2! 31 44 70 «#120 see 200 900 2,080 
25 5 ” 14 20 28 40 64 «#112 180 900 =—1,800 
30 6 i 15 21 29 «41 64 #+110 173 181 910 = 1,830 
35 6 0 1 20 30 44 =%70 117 178 890 1,760 
40 7 i 16 22 30 4) 63 106 164 170 910 1,720 
*See Hubber Age, Sept. 10, 1920, p. 461. 








mean that different specimens of even the same stock 
are tested in exactly the same manner. In the Evans 
machine all specimens are subjected to exactly the same 
rate of increase of tension per unit area of cross- 
section. This condition is obtained by changing the 
position of the bucket on the arm of the balance to 
correspond to the cross-section area of the test-piece. 
For example, with an area of 0.5 sq.cm. and a rate of 
1 kg. per minute, the bucket and the test-piece being 
hung at 100 cm. from the knife edge, the tension is 
2 kg. per sq.cm. per minute. Should the next specimen 
have an area of 0.49 sq.cm., the bucket is hung at 98 
cm., the test-piece remaining at 100 cm. from the knife 
edge, and the rate of loading remains constant at 2 kg. 
per sq.cm, per minute. Highly gratifying results have 
been obtained with this machine. 

Permanent set data were secured by the modified 
Davies-North method, which consists of three stretches 
to 60 per cent of the ultimate elongation, holding 3 
minutes for each stretch with a 1-minute interval be- 
tween; measurement 10 minutes after the third 
release. 

Abrasion tests were made with a rough carborundum 
wheel 20 cm. in diameter; face 5 cm. wide; a weight 
of 6,800 g. placed 50 cm. from fulcrum; center of 
abrasion block to fulcrum, 20 cm.; abrasion block, 8.6 
x 12.5 x 1.3 cm. Wheel is kept clean by a wire brush 
and rotates at 20 r.p.m. The volume of material re- 
moved in 200 revolutions (10 minutes) is taken as the 
abrasion loss. 

Penetration tests were run on a simple apparatus 
which consists essentially of a platform mounted on a 
rod. The contact point is a sphere 9.5 mm. in diam- 
eter. A load of 4,500 g. is applied and the penetration 








CHEMICAL AND METALLURGICAL ENGINEERING 





Vol. 26, No. 6 


of the ball into the rubber (using standard abrasion 
blocks) in 1 minute is read off in hundredths of a 
millimeter. 

Elongation under constant load experiments were 
performed by suspending test-pieces which varied 
within 5 per cent in cross-section under loads of 1 and 
3 kg. 

The results of these experiments are given in Tables 
I to XII and in Figs. 1 to 12. 


Discussion of Data 
STRESS-STRAIN DATA 


From the stress-strain data given for the 2}-hour 
curve at 141 deg. C. in Tables I and IV and Fig. 1, the 
following observations may be made: 

1. At low elongations MR is without stiffening action. 

2. Up to 600 per cent elongation the individual 
stress-strain curves show scarcely any increase in load, 
but beyond this point the curves take a sharp right- 
angle bend. Most of the load necessary for rupture is 
applied in the region from 600 to 900 per cent elonga- 
tion. This is characteristic of pure gum stocks. In 
other words, the stress-strain curves of stocks contain- 
ing from 0 to 40 volumes MR per 100 volumes of rubber 
are quite similar. 

3. Load at break (tensile strength) increases up to 
7 volumes MR and then falls off slightly. The slight 
fall off indicates that MR is without overloading 
tendencies. 

4. Tensile at break (corrected to area at break) 
accentuates the desirable properties of MR. The range 
of greatest efficiency is from 3 to 15 volumes and the 
maximum is reached at about 7 volumes MR to 100 
volumes of rubber. 
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Volumes MR or Gas Black to 100 Volumes of Rubber 


FIG. 1—STRESS-STRAIN DATA 
Cure 23 hr. at 141 deg. C. 


5. The gas black curve at 300 per cent elongation 
shows a straight line stiffening action very different 
from the 300 per cent elongation curve for MR, which 
is flat. 

6. The gas black load at break curve is much higher 
than MR, but due to higher ultimate elongation (greater 
necking down of the MR test-pieces) the tensile at 
break curve for black is somewhat lower than for MR. 

The conclusion from these curves is that MR in 
small quantities, certainly to 10 and for many purposes 
15°volumes to 100 volumes of rubber, has, a beneficia! 
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TABLE II—STRESS-STRAIN DATA 40 | 
Cure giving maximum tensile strength. + ae yack 
Vol. MR Cure —Load inKg. per Sq.Cm. Producing 8 Gas — 
to 100 Vol. at —Elongation, per Cent— Break. "Ultimate Tensile 2 30 dé 
Rubber 41 oe. C., 100 300 600 800 Elongation at Break* . Lint OK Ee ‘ 
r. + 
0 3 7 10 30 102 211 935 2,190 3 
1 3 5 13 41 124 168 860 1,610 t 20 _ &— Ee 
3 3 5 12 36 114 230 935 2,380 Fs 
; Bb PREECE 8 Be ferro 
7 2} 5 13 6 1 ‘ 
10 2} 4 14 40 123 210 910 2,120 5 10 a Meosre t+—}—<ppineral rubgel sate 
13 2} 5 14 38 98 200 930 2,060 ce A — 
15 3 6 14 a4 131 220 920 2,340 ——F—"}-——J + +——_+4——_+ __} +. __ + __} 
17 3 4 14 4) 130 ©6224 935 2,320 ? | = a 
20 3} 7 16 51 146 224 900 2,240 0 . 
75 : 0 5 10 15 20 25 Li) 35 40 
25 3 5 16 48 137 200 875 1,950 Material 00 Vol Rubb. 
30 3 7 18 48 128 191 pan 1,680 Volumes Material to 100 Volumes Rubber 
35 3} 7 17 52 138 190 __pr y 
40 3 7 18 $3 %W2 172 880 1/690 FIG, 3—PERMANENT SET 


* See Rubber Age, ows. 10, 1920, p.461. 
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10 15 20 25 » 
Volumes MR to 100 Volumes of Rubber 


FIG. 2—STRESS-STRAIN DATA 
Cure selected by highest tensile strength 


effect on rubber. Beyond this point it behaves as a 
diluent, but a harmless one so far as the stress-strain 
curve is concerned. 

In Table II and Fig. 2 the stress-strain data are 
arranged according to the cure giving the highest ten- 
sile strength. The stocks were used in the hysteresis 
tests described below. The same conclusions may be 
drawn from these curves but the data are not quite so 
good. 


ULTIMATE ELONGATION 


In Tables I and II and in Fig. 4 ultimate elongation 
values are shown for the 23-hour cure at 141 deg. C. 
and for the cures giving maximum tensile strength. 
A slight decrease with increase in MR is indicated. 


STRESS-STRAIN DATA AT 100 PER CENT ELONGATION 


The work at 100 per cent elongation (Table V and 
shine 5) is necenen because in actual service we seldom 





TABLE IlI—PERMANENT SET 





Vol. MR Perm. Vol. Gas Perm. Vol. ZnO* Perm Vol Perm 
to l00Vol. Set, Black* to Set, to 100 Vol. Set, Barytes* Set, 
Rubber Per 100 Vol. Per Rubber Per to 100 Vol. Per 
Cent Rubber Cent Cent Rubber Cent 

0 6 0 6 0 4 0 6 

! 6 0.5 10 0.5 5 0.5 10 

3 6 2 13.5 2 8 | 10 

5 6 4 14 4 7 2 10 

? 6 6 15 6 10 3 10 

10 6 8 17 1 16 6 10 

13 8 I 22.5 15 . 8 10 

5 8 15 27 20 22 1 15 

17 8 20 32.4 25 24 15 20 

20 8 30 40 30 26 20 20 

25 10 35 43 35 29 25 25 

30 12 40 40 40 27 30 25 

35 12 3 35 25 

40 14 40 30 


* See Rubber Ave, Sept. 10, 1920, p. ».465. 








get much higher elongations—for example, in tires and 
tubes 100 per cent probably represents the upper limit 
of flexing. 

The curves show the following: 


(a) The variations of Scott machine readings as 
compared with the Evans machine show the 
Scott to be of little value at this elongation. 
(b) First loop, Evans machine, shows a slight stif- 
fening action not observable from Fig. 1. 
(c) From a service standpoint we are not interested 
in the first hysteresis loop, but are greatly 
concerned with the behavior of our stocks 
after there has been sufficient flexing to bring 
about an equilibrium or readjustment within 
the stock. After five successive stretches 
there is little change with additional flexing. 





TABLE IV—GAS BLACK STRESS-STRAIN DATA 

















Vol. Gas —Load in Kg. per Sq. Cm.— 
Black to Producing Ultimate Tensile at 
100 Vol. 300 Per Cent Elongation Break, 
Rubber Elongation Break Per Cent Kg. per 8q.Cm. 
0 12 182.5 900 1,825 
4 26 204 820 1,870 
1 51 229 760 1,970 
15 66 240 700 1,920 
20 84 265 640 1,960 
30 121 267 545 1,720 
+ 
c 1000 T 
] ] 
3 | a8 | 
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Volumes MR to 100 Volumes Rubber 


FIG, 4—ULTIMATE ELONGATION 


The sixth loop curve (Evans machine) is practically 
flat, but has a slight downward slant with increase 
in MR. 


STRESS-STRAIN DATA AT 300 PER CENT ELONGATION 


The curves in Fig. 6 (based on the data in Table VI) 
show the following: 


(a) The variations between the Scott and Evans 
readings are now less, showing that the 
minimum elongation above which the Scott 
becomes fairly accurate has been passed. 

(b) All curves show a slight upward trend indi- 
cating slight stiffening action. 


ENERGY INPUT 


The hysteresis loops were run to a constant load of 
20 kg. per sq.cm. By measuring the area under the 
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TABLE V.—LOAD PRODUCING 100 PER CENT ELONGATION 


———— Evans Machine— 
« Fayaterei Up Curve, 





Vol. MR Cure a Scott Ist 6th Hysteresis 
to 100 Vol. 141 Dee. ¢ Machine Loop, 
Rubber Hr Kg. perSq.Cm. Kg. per + 8q.Cm. Kg. per 8q.Cm 

0* 3 4 5.5 . 

1 34 5 6.5 5.9 

3 3 5 6.3 5.7 

5 3 5 5.5 5.7 

7 23 5 5.7 5 

10 2} 4 5.7 5 

13 24 5 6.2 5.6 

15 3 6 6.3 5.5 

17 3 a 6.5 5.7 

20 34 7 6.5 5.7 

25 3 5 7 5.9 

30 3 7 6.7 5.6 

35 34 7 7 5.6 

40 3 7 6.7 5.1 


P * This test was run on a different lot of rubber and at a different time from 
those below. 
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Load,Kg. per SaCn J00Per Ce 














Volumes MR to 100 Volumes Rubber 


FIG. 5—STRESS-STRAIN DATA 
Load at 100 per cent elongation. Cure giving maximum 
tensile strength 


up curve and converting it to energy units of kilogram 
centimeters per cubic centimeter (kg.-cm. per cu.cm.) 
the energy input is obtained. (See Table VII and Fig. 
7.) This corresponds to Wiegand’s energy of resilience, 
but is limited to the lower portion of the curve. As 
pointed out above, it is this portion of the curve in 
which we have the greatest interest. 

The energy input, or capacity to absorb energy, shows 
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0 ee fe 20 25 30 5 40 
Volumes MR to 100 Volumes of Rubber 
FIG. 6—STRESS-STRAIN DATA 


Load at 300 per cent elongation. Cure giving maximum 
tensile strength. 





rABLE VI—LOAD PRODUCING 300 PER CENT ELONGATION 


—- Evans Machine-——-——. 


Up Curve, Up Curve, 

Vol. MR Cure at Scott Ist Hysteresis 6th Hysteresis 
to 100 Vol. 141 Deg. C. Machine Loop. Loo oop, 
Rubber Hr Kg. perSq.Cm. Kg. parila Cm. Kg. per 8q.Cm. 

o* 3 10 11 

1 3} 13 14.2 13.2 

3 3 12 13.5 12.2 

5 3 14 13.6 12.2 

7 23 13 12.1 10.5 

10 2} 14 12.8 10.8 

13 23 14 13.8 12 

15 3 14 15 12.6 

17 3 14 15.3 12.9 

20 3} 16 16.3 13.5 

25 3 16 18.3 15. 1 

30 3 18 17.3 13.6 

35 34 17 18.5 15.3 

40 3 18 17 12.1 


* This test was run on different lot of rubber at a different time from those 
below. 
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5 0 15 20 2 30 3% 40 
Volumes MR, to 100 Volumes Rubber 
FIG. 7 (ABOVE)—ENERGY INPUT 
Cure giving maximum tensile strength. Run to constant 
load of 20 kg. per sq.cm. 
FIG. 8 (BELOW)—HYSTERESIS LOSSES 


Cure giving maximum tensile strength. Run to 
constant load. 


oO 





TABLE VII—ENERGY INPUT 
Hysteresis loops run to constant load of 20 kg. per sq. em. 


——_—_———Energy Input——_——__ 


Vol. Mr. “ure at First Sixth 
to 100 Vol. at Deg. C. Loop Loo 
Rubber Hr. Kg. Cm. | u.Cm. Kg. Cm. per Cu.Cm. 
0* 3 64.2 
! 3} 42 40 
3 3 43.5 41.5 
5 3 41.8 41.85 
7 2) 47.1 46 
10 2} 44.25 42.8 
13 23 41.3 40.8 
15 3 41.1 39.7 
17 3 39.8 39 
20 34 36.8 35.2 
25 3 34.1 31.94 
30 3 36.2 33.92 
35 34 34.4 31.70 
40 3 51.4 36.6 


* This test was run on a different lot of rubber at a different time from those 
below. 








a maximum at 7 volumes MR, beyond which there is 
a gradual falling off. 

An interesting feature is the slight difference be- 
tween the curves for the first and sixth loops. With 
gas black or zine oxide the difference is quite marked. 
This is but another indication of the plasticity (re- 
versible plastic flow) or MR. 


HYSTERESIS Loss 


The hysteresis loss is staal in per cent based on the 





TABLE VIII—HYSTE RE sIs LOSS 
In Per Cent based on energy input Table VII 








————Hysteresis Loss ——~— 


Vol. MR. Cure at First Sixth 
to 100 Vol. 141 Deg. C. Loop Loop 
Rubber , Hr. Per Cont Per Cent 

0* 3 13.5 j 
1 3} 8 3 

3 3 10.25 3.8 

5 3 8.3 4.2 

7 2} 14.85 6.2 

10 23 12.98 5.2 

13 2} 12.85 4.9 

15 3 14.95 5.6 

17 3 14.8 5.7 

20 2} 15.6 5.9 

25 3 17.7 a 

30 3 20.9 6.9 

35 3} 29 A. 

40 3 26 10.2 


* Tests run on different lot of rubber at a different time. 


energy input described above. The following observa- 
tions may be made from Table VIII and Fig. 8: 


(a) Hysteresis losses for MR are straight line func- 
tions and show a slight increase with increase 
of MR. The curves for gas black and zinc 
oxide are not shown. However, they are 
straight lines but much steeper. Thus the 

slopes (tana) are as follows: 
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TABLE IX—ENERGY OF RESILIENCE 


Scott machine stress-strain curves. Area between curve and elongation axis 
converted to kg. cm. per cu.cm. Cure 2} hours at 141 deg. C. 


Vol. MR Vol. Black * 
to 100 Vol. Area, Resilience, to 100 Vol. Resilience 
Rubber 8Sq.Cm. Kg.-Cm. per Cu.Cm. Rubber Kg.-Cm. per Cu.Cm. 


0 41.5 258 0 350 
1 40.1 248 5 400 
3 55.8 346 10 460 
5 65.5 405 20 550 
7 67.5 417 30 525 
10 67 415 

13 61.2 379 * Base Formula; 

15 67 415 100 Pale crépe 

17 62.3 386 5 ZnO 

20 66.5 412 


68 
3 Thiocarbanilide 














25 60.6 376 
30 65.1 404 Cure |} hour at 141 deg. C. 
35 66.8 414 
40 63.8 395 Data by W. W. Vogt 
Tana 
Zine oxide (3rd loop)........... 0.39 Data by W. W. Vogt 
Gas black (3rd loop)........... 0.475 “ ” 
fF FF 0.18 
i FF PTT ee eerie 0.06 


PERMANENT SET 


By permanent set is meant irreversible flow, whether 
it be plastic or merely due to change in position of the 
particles of filler. The test employed in these experi- 
ments was purposely designed to measure irreversible 
flow. The results’ are given in Table III and Fig. 3. 
It is well known that successive stretching, producing 
an internal readjustment within the test-piece, greatly 
increases the tensile strength and also brings out the 
maximum permanent set. 

The stretch was placed at 60 per cent of the ultimate 
elongation, because it was found that most compounds 
could be repeatedly stretched to this elongation with- 
out having them develop flaws and fail prematurely. 

As will be discussed further below, MR behaves as 
a supercooled liquid. Its plastic flow is reversible. 
Therefore this test for MR. Its curve lies considerably 
below those shown for black, zinc oxide and barytes. 

There is a peculiar relation between permanent set 
and hysteresis loss as measured in this experiment. 
In both these tests adequate time for plastic flow is 
provided. The curves of hysteresis loss and permanent 
set are practically straight lines. The following are 
the slopes (tan a) taken at 25 vol. filler: 

Slope (tan a) Slope (tan a) 
Permanent Set Hysteresis Loss 


BD  ntinnnes seuss von¥eanseale 0.06 (6th loop) 0.06 
RR PE ee ee 0.58 (3rd loop*) 0.475 
SG GE oc ova vs dba bonne se meee (3rd loop*) 0.39 


From this comparison it appears that there is more 
than a mere coincidence in this relationship. It is not 
improbable that both tests measure the same thing. 
It is becoming more apparent that a machine is needed 
which will give accurate hysteresis loops, automatically 
graphed within very short intervals of time. This is 
no more than what actually goes on in a tire on the 
road. 


RESILIENCE 


The term resilience was first applied in rubber test- 
ing by W. B. Wiegand. It represents the energy which 
has been absorbed or put into the test-piece on being 
stretched to the point of rupture, and is determined 
by measuring the area between the curve and the elonga- 
tion axis. For purposes of convenience this area has 
been converted into energy units (kg.-cm. per cu.cm.) 
in Table IX and Fig. 9. The MR data are taken from 
the curves obtained on stocks cured 23 hours at 141 
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Volumes Filler to 100 Volumes Rubber 
FIG. 9—RESILIENCE 


deg. C. Gas black, though compounded in a different 
formula, is shown by way of comparison. 

The gas black curve is a straight line up to 20 vol- 
umes. The slope of this line is 0.50, which for some 
reason is almost the same as that of the hysteresis loss, 
which is 0.475. 

The MR curve is somewhat different. Up to 5 vol- 
umes of MR it is a straight line (tan a = 1.5), showing 
that within these limits MR does increase the energy 
absorption capacity of the stock. Beyond this point 
there is a slight falling off. However, the remainder of 
the curve is a straight line. This is another illustra- 
tion of the peculiar inertness of MR when employed 
beyond the point of its maximum efficiency. As far as 
the writer can determine the only evidence of its pres- 
ence in large quantity is in’a slight raising of abrasion 
loss and the loginess, further discussed below. 


ABRASION LOSS 
The effect of MR on abrasion loss has been a matter 
of interest for some time. The data in Table X and 
Fig. 10 show that with increased MR the abrasion loss 
increases. Penetration tests show little if any change 
in hardness of the stocks with increase in MR. 


ELONGATION UNDER CONSTANT LOAD 
The old work of Schwartz (Schidrowitz, Rubber, p. 
241) on this subject is now well known. He found that 
elongation under load follows the equation 


x=a-+ b (log t). 
Where x = elongation at the end of an interval of 
time t. 
a = elongation at the end of the first minute. 
b = a constant depending on the plastic flow 


of the stock. 
His work was checked by the writer (Rubber Age, 
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FIG. 10—PENETRATION AND ABRASION LOSS 








TABLE X—ABRASION LOSS 


Loss in Volume Penetration, 
Rubber Weight, G. Sp. Gr. Abraded, c.c. mm. 
0 7.7 0.97 7.94 3.43 
5 13.3 0.98 13.6 3.38 
15 16.6 0.98 17 3.43 
20 16.6 0.98 17 3.52 
40 21.8 1.00 21.8 3.53 








es. peste 


i es ee, « 
; : 






258 


Sept. 10, 1920, p. 464) who found that for heavily 
loaded stocks b actually was a constant and (x — a) 
plotted against log, time gave a straight line. 

If 6 actually is a constant depending on the plastic 
flow of the stock, it would at once appear that this value 
determined for each stock when plotted against volumes 
of MR should show an increase with increased MR ratio 
to rubber. 
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FIG. 11—PLASTICITY 


Notre—tThe observations marked (A) checked in another 
experiment. If correct, the similarity to the jump in 
viscosity of olive oil-water emulsions at 80 per cent oll 
might be pointed out. 





TABLE XI—PLASTICITY 





b b b b 
Takenat Takenat!0 Takenat 2,600 Using 10 Min. Rootions 
VolLIMR 1 Min. Min. After Min. After as Zero and 2,600 N : 
to 100 Vol. After Load Application Application (43 Hr.) After Ap 
Rubber Is Applied of Load of Land cation of Lo 
0 10 6 4.7 3.4 
5 11.6 7.66 6.3 3.7 
10 14.9 8.13 5.2 3.3 
5 21.5 11.7* 7.4 3.4 
20 16.5 8.6 6.24 3.7 
40 14.9 9.1 7 4.66 


* This value checked 10.5 on another test. 











The original equation is not well written from a 
mathematical standpoint, since at zero time, the log of 
which is infinity, we have x = a, 

If E the elongation at any period of time t 

a = elongation at zero time—i.e., when the load 
is just applied. 

b = a constant. 

E =a -+ b [log, (1 + ¢)]. 

Now in zero time the second member becomes b times 
zero and therefore E = a, which is correct. 

The so-called plasticity constant then equals 


_ F5—-6 

~ loge (1 + #) 

Since the question of natural or Briggs logs merely 
introduce a constant ratio, log, may be employed. 


Therefore the work summarized in Table XI and Fig. 11 
was done with 


b 


E—a 
log,, (1 + t) 

Using this method, b values were obtained for com- 
pounds containing 0, 5, 10, 15, 20 and 40 volumes MR 
to 100 volumes of rubber. Values of b were calculated 
for readings taken 10 minutes and 2,600 minutes (143 
hours) after application of load. Intermediate read- 
ings were taken, but since it was impossible to main- 
tain temperature conditions within reasonable varia- 
tion, only the four sets of values are given. It will be 
seen at once that the b values for 10 and 2,600 minutes 
are not the same. The variations range from 20 to 50 
However, the readings in each group are com- 


5 = 


per cent. 
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parable since they were made under exactly similar 
conditions. 

Using the 10-minute values, it appears that plasticity 
(if b value indicates it) increases up to 15 volumes and 
then falls off slightly. In 2,600 minutes there can be 
no conclusion unless that in this time MR has reached a 
final position, since b values are practically constant. 

In order to check this theory the readings obtained 
at 10 minutes were taken as zero and calculated in con- 
junction with those taken in 2,600 minutes. A remark- 
able agreement is shown. With the exception of the 
40-volume compound the other constants show a varia- 
tion from the mean of but 6 per cent, which points to 
the hypothesis that within 10 minutes the MR has 
become adjusted to the new conditions and therefore 
it is no longer a factor in b value, which now approxi- 
mates that of pure gum. 

If the flow of MR is really responsible for the peculiar 
results obtained, it would be expected that greater vari- 
ation would be found shortly after load is applied. The 
b values calculated for readings taken 1 minute after 
application of load show marked variation but a pro- 
gressive increase in b value up to 15 volumes of MR, 
after which a falling off is indicated, 


RATE OF PLASTIC FLOW 


In view of the fact that the b of the Schwartz equa- 
tion is so obviously not a constant, it occurred to the 
writer that the rate of flow (millimeters extension per 
minute) is a much more logical method of attack. 

Table XII shows the rates of extension at different 
times for the various MR stocks. From the data ob- 
tained when the test-pieces were suspended under a load 
of 1 kg., the following conclusions may be drawn: 

(a) Average of all the rates determined over 43 
hours show about double the pure gum velocity 
for all a stocks containing MR. 

(b) After 43 hours suspension, flow is very small. 

(ec) One minute velocities show gradual increase 
with increase in MR up to 20 volumes, when 
its filling effects retards the rate. 
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FIG. 12—RATE OF PLASTIC FLOW 
The experiments with 3 kg. load were carried only to 

l hour. Due to the increased elongation the conclusions 

that may be drawn are somewhat different from the 

above. For example, 
(a) The averages of all the rates determined within 
the hour show a gradual increase with in- © 
crease in MR. 

A very decided increase in rate of extension with 
3 kg. load in 1 minute is shown. At 40 vol- 
umes MR the pure gum velocity is more than 
trebled. 


(b) 
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The rate of plastic flow appears to be quite susceptible 
to temperature change. 








TABLE XII-A—RATE OF PLASTIC FLOW 
Load | kg.; rate in mm. per min. 


Vol. MR Rate Rate Rate Rate ———Average —— 
to 100 at at at at Of All Over Entire 
Vol. Rubber I! Min. 10 Min. 70 Min. 43 Hr. Rates 2,600 Min. 
2,600 Min.) 
6 3 0.4 0.05 0.002 0.048 0.005 
5 3.5 1 0.033 0.0018 0.1 0.008 
10 4.5 0.6 0.033 0.0017 0.07 0.007 
15 6.5 1 0.033 0.0036 0.109 0.010 
20 5 0.9 0.024 0.002 0.097 0.008 
40 4.5 0.85 0.01 0.004 0.094 0.009 
Load 3 kg.; rate in mm. per min. 
Vol. MR 
to 100 Rate Rate Rate Rate Over Average 
Vol. at at at Entire All Rates 
Rubber 1 Min. 1! Min. 60 Min. 60 Min. Determined 
0 4 0.5 0.08 0.217 0.74 
5 7 0.5 0.054 0.334 1.31 
10 Developed flaws 3 
15 9 0.5 0.11 0.384 1.52 
20 il 0.5 0.135 0.485 1.83 
40 13 0.5 0.11 0.535 2.16 








From the above data it is conclusively shown that MR 
does increase the plastic flow of stocks containing it. 
The amount of this flow depends on the quantity of MR 
present and on the load applied. 


RECOVERY 


As mentioned above, the flow of MR is reversible. 
MR behaves as a true supercooled liquid. The test- 
pieces used in elongation under constant load experi- 
ments were measured at intervals after the recovery 
noted. The following conclusions are in order: 


(1) Load 1 kg.; time 24 hours. (See Table XII-B.) 


(a) Average rates of recovery (mm. per min.) taken 
from the ten readings over the 24-hour period 
show about the same values for pure gum and 
stocks containing 5 and 10 volumes MR. For 
15, 20 and 40 volumes MR the rate is appre- 
ciably decreased (75 per cent of that for pure 
gum). 

(b) Proportional recovery as shown by 1-minute 
readings, based on pure gum shows no change 
until 15 volumes MR is reached, when it drops 
to about 75 per cent of that shown by pure 
gum. 

(c) Proportional recovery for the entire 24 hours 
shows the same recovery for MR stocks as for 
pure gum. 

(2) Load 3 kg.; time 1 hour. (See Table XII-C.) 

(a) Average of six readings during 1 hour shows 
about same rate of flow for pure gum and 
stock containing 5 volumes MR. For 15, 20 
and 40 volumes the rate shows an increase 
with increase in MR. 

(b) The proportional recovery over 1 hour is only 
66 to 85 per cent of that shown by pure gum. 

(ec) A similar conclusion may be drawn from the 
2-minute readings. The 5-volume MR and the 
pure gum have the same proportional recov- 
ery, but the others are considerably lower— 
85.5, 95 and 77.8. Had a 1-minute reading 
been taken, there would have been a greater 
contrast. 


The general conclusion from these experiments is that 
MR does not greatly retard the ultimate recovery. How- 
ever, it introduces a time factor in that the come-back 
within the first minute or two after release is consider- 
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ably retarded when over 15 volumes of mineral rubber 
are introduced. 

In other words, MR, being a viscous or supercooled 
liquid, flows with the rubber when strained and is forced 
back by the contraction of the rubber when released. 
To use a common illustration, it behaves like a door 
check. It not only appreciably prevents ultimate re- 
covery but it has a decided damping effect on immediate 
comeback. 

It is because of this property that loaded stocks con- 
taining MR are frequently logy or sluggish. In many 
cases this is a serious defect. For example, consider a 





TABLE XII-B—RECOVERY, 1! KG. LOAD 


Vol. MR Recovery Set Shown Recovery in Proportional Rate of Flow: 
to 100 Vol. in 24 Hr. Immediately 24 Hr., Based Recovery Average of 
Rubber Mm. on Release, on Immediate Based on All Rates 
Mm. Set, per Cent Pure Gum as Mm. 
100 per Min 
0 4.75 8 59.5 1 0.168 
5 3 8 62.5 105 0.215 
10 4. 6.5 61.5 103 0.164 
15 4.5 64.3 108 0.117 
20 4. 6 66.7 112 0.113 
40 4.75 7.25 65.5 110 0.13 
Vol. MR Recovery Set Shown Recovery in ! Min. ProPortional 
tol in Immediately B on Recovery Based on 
Vol. 1 Min., on Release, Immediate Set, Pure Gum as 
Rubber Mm. Mm. per Cent 100 
0 1.5 8. 18.8 106 
5 2. 8. 25. 133 
10 1.5 6.5 22. 117 
15 1. ' 14.3 76 
20 ‘. 6. 16.7 89 
40 1. 7.25 13.8 73.7 











high MR solid tire tread. In service it receives shocks 
of more or less magnitude all the time. If the speed is 
such that the tire cannot regain its original contour 
from blow to blow, the effect is to strain the stock in 
progressively increasing amounts until the elastic limit 
is approached and failure begins. Such a tread flattens 
down, cuts and gives very low life. In pneumatic tire 
treads, high MR produces loginess, which in turn 
causes tread separation and excessive wear. 

This is the chief criticism of the MR of today. If it 
were possible to alter its physical properties so as to 





TABLE XII-C—RECOVERY, 3 KG. LOAD. 








Recovery Rate of 
Vol. MR~ Recovery Set Shown Based on Proportional Flow: 
to 100 in Immediately Immediate Recover: Average of 
Vol. of 1 Hr. on Release Set Based on Pure All Rates, 
Rubber Mm. Mm. per Cent Gum as 100 Mm. per Min. 
0 3.5 6 58.4 100 0.237 
5 ay 6 50. 86 0.215 
10 Flaws a ae 
15 4. 9 44.5 76.4 0.278 
20 $.$ 9 38.9 66.6 0.29 
40 ao 1 50. 85.5 0. 368 
Vol.MR_ Recovery Set Shown Recovery Proportional 
to in Immediately Based on Recovery Based 
Vol. of 2 Min., on Release, Immediate on Pure Gum as 
Rubber Mm. Mm. Set, 100 
per Cent 
1.75 6 29.2 100 
5 1.75 6 29.2 100 
10 Flaws ais 
15 2.25 9 25. 85.5 
20 5 9 27.8 95 
40 2.5 W 22.7 77.8 





eliminate the tendency to produce loginess, there is 
little doubt that such a mineral rubber would be more 
extensively employed and in larger quantities. 


SUMMARY 


1. MR has a beneficial effect on the physical proper- 
ties of rubber when employed in proportions from 3 to 
15 volumes to 100 volumes of rubber. The maximum 
effect is found at 7 volumes per 106 volumes of rubber. 
This statement is proved by experiments on tensile at 
break, energy input and resilience. 

2. Beyond 15 volumes to 100 volumes of rubber, MR 
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is practically inert, as is shown by stress-strain curves, 
ultimate elongation, energy input and resilience. 

3. MR is essentially a plastic material and while it 
is subject to considerable plastic flow very little of this 
flow is irreversible. This is demonstrated by: hystere- 
sis loss in experiments in comparison with black and 
zinc oxide, permanent set experiments, elongation under 
constant load and recovery. 

4. A remarkable agreement is shown by a compari- 
son of the slopes of the curves for permanent set with 
hysteresis loss for MR, ZnO and gas black. It is recom- 
mended that a machine for automatically graphing hys- 
teresis loops within short intervals of time be developed. 

5. When present in compounds in excess of 15 vol- 
umes of MR to 100 volumes of rubber, a decided logi- 
ness is imparted. The limit at which loginess first 
appears is considerably dependent on the quantity of 
other filler present. In pure gum 15 volumes is the 
limit. This loginess is simply a slowing up of the 
recovery. MR thus acts similar to a door check, and 
while the eventual recovery is the same as for pure gum, 
this is a most serious objection to more extensive use 
of MR. In service complete recovery from blow to blow 
is prevented and the effect of successive impacts becomes 
more serious than if the stock had the property of rapid 
recovery. 

6. Mineral rubber is today one of our cheapest com- 
pounding ingredients. It is hoped that the above data 
will prove of value to both consumer and manufacturer 
of MR and that the time is not far distant when an 
MR will be placed on the market free from any tendency 
to produce loginess. 





Industrial Conditions in Polish 
Upper Silesia 


A SURVEY of the industries acquired by Poland in 
the Upper Silesian territory by the decision of the 
League of Nations is given in Commerce Reports for 
Jan. 30, 1922. 

The coal production for 1913 of the mines assigned 
to Poland was 32,829,000 tons; in 1920 these mines 
produced 24,637,000 tons and those in present German 
territory 7,114,000 tons. The net coal production of 
the former Polish territory (Congress Poland and Ga- 
licia) at present may be put at about 6,000,000 tons. 
It is estimated that, with the acquisition of the Upper 


Silesian territory, Poland can export about 10,000,000 
tons in 1922. 


IRON ORE RESOURCES 

The deposits of iron ore in Upper Silesia are nearly 
exhausted. However, there is every reason to believe 
that within the next few years the large deposits of 
ore in Congress Poland will be further developed and 
able then to furnish practically the entire ore require- 
ments of the Upper Silesian furnaces. The present low 
value of German and Polish currency is an inducement 
to the development of these ores as against purchases 
from Sweden or other countries with a high rate of 
exchange. 

Estimates of the reserves of iron ore in Congress 
Poland range from 300,000,000 to 600,000,000 tons. In 
the Radon and Kielce districts of Congress Poland there 
are deposits of ferromanganese ores. 

In September, 1920, there were twenty-five active 
blast furnaces in Upper Silesia and twelve inactive. Of 
these, fifteen active and seven inactive furnaces are now 
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on the Polish side. During the period April 1, 1920, to 
March 31, 1921, the production of pig iron was 624,000 
tons, of which 407,000 tons was produced in the fur- 
naces now located within Poland. The production of 
steel-converting plants for the same period was 1,147,- 
000 tons (chiefly Martens steel), of which 838,000 tons 
was produced in what are now Polish plants. The pro- 
duction of finished steel product in the rolling mills 
was 793,000 tons, of which 628,000 tons was produced 
in present Polish property. 


ZINC, SILVER AND LEAD 


Practically the entire zinc-smelting and manufactur- 
ing industry will be in Polish territory. All of the 
thirteen roasting plants (about 250 furnaces), the six- 
teen zinc smelting plants (316 furnaces) and the two lead 
smelters will be in Polish territory, together with five of 
the eight zinc-plate rolling mills. The production of raw 
zinc in Upper Silesia fell from 169,400 tons in 1913 to 
81,400 tons in 1920. The production of lead in the two 
lead and silver smelting plants which are now in Poland 
was 41,800 tons in 1911 (the maximum year), but only 
17,200 tons in 1920, while the silver production fell 
from 10,620 to 3,110 kilos. The total output of zine 
plate in 1913 was 49,200 tons, of which the mills now 
allocated to Poland produced 42,500 tons. The output 
of all these plants in 1920 was 34,170 tons. 


OTHER INDUSTRIES 


The production of sulphuric acid as a byproduct of 
the zine ore roasting industry is an important acquisi- 
tion for Poland. The output of sulphuric acid in 1913 
was 255,600 tons (50 per cent acid), while that in 1920 
was 183,300 tons. The Upper Silesian sulphuric acid 
will also be important for the local manufacture of 
superphosphates in Poland. 

In connection with the acquisition of coking plants 
in Upper Silesia, Poland now obtains as a byproduct 
of that industry a large quantity of material for the 
manufacture of superphosphate, as well as the basis for 
developing a substantial chemical and dye industry. 
The products of dry coal distillation in Upper Silesia 
in 1920 included 112,413 tons of tar, 32,146 tons of am- 
monium sulphate and 26,153 tons of benzene. Plants 
producing about half of this output are now located 
within the boundaries of Poland. The large superphos- 
phate plant in the Kattowitz district falls to Poland, 
as well as the nitrogen fertilizer factory in Chorzow. 
The output of materials in the Polish part of Upper 
Silesia is sufficient for the requirements of these plants 
and their finished products, together with Thomas slag 
from the phosphoric Polish iron ores, will go far to pro- 
vide for Polish requirements of phosphatic and nitro- 
genous fertilizer. 


OPPORTUNITIES FOR AMERICAN EXPORT 


The annexation of Silesian territory to Poland is 
likely to offer increased opportunities for American ex- 
ports to Poland and for a change in their prevailing 
character. Hitherto, apart from the temporary ship- 
ments of foodstuffs to Poland, most of the American 
exports to that country have been raw cotton and rail- 
way equipment. The annexation of this territory will 
open a large field for American machinery and tools, 
both in Upper Silesia itself and in the industries of 
other parts of Poland, which will be developed as the 
result of the acquisition of coal and materials from 
that district. 
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Extraction of Nickel and Alumina From Cuban Iron Ores 





Sulphatizing and Leaching Cuban Ore Will Extract Profitably 70 per Cent of the Nickel, 50 per Cent of 
the Alumina and 60 per Cent of the Manganese, Leaving a Beneficiated Iron Ore 
and Producing Gypsum and Iron Oxide Pigment as Byproducts 


By CARLE R. HAYWARD 


Associate Professor of Metallurgy, Massachusetts Institute of Technology 





Cuba contains 0.80 per cent nickel. Most of this 

nickel is retained in the iron during blast-furnace 
operations and finally reports in the steel. The nickel 
content of the steel made of North Coast ore is only 
about 1.5 per cent; whereas the nickel steels commonly 
used contain about 3.5 per cent. Although the presence 
of the small amount of nickel is claimed to be beneficial, 
it is not usually possible to get an additional price 
commensurate with the value of the nickel. 

In 1914, F. A. Eustis asked the co-operation of the 
writer in working out a commercial process for extract- 
ing the nickel from Cuban ores. The subsequent work 
was conducted in the metallurgical laboratories of the 
Massachusetts Institute of Technology and extended 
over about 5 years, during which period a great mass 
of data was collected. 

An attempt will be made in this paper to state clearly, 
even though briefly, all phases of a long and systematic 
research involving a number of novel features and re- 
sulting in several patents. Much of the work should 
be of general interest aside from its direct application 
to Cuban iron ores. During the research the writer had 
various assistants, to whom credit is due; H. M. Schlei- 
cher and F. O. Stillman were especially helpful. To 
them is due much of the success of the research. Mr. 
Eustis and C. M. Weld were also in close touch with 
the work at all times. 


[= ORE from the deposits on the north coast of 


THE ORE 


The work was done on several lots of ore from the 
Moa Bay Iron Co., and some from Mayari deposits. 
Typical analyses in the natural state are as follows: 


Moa Pay Mayari Moa Bay Mayari 


Fe.. nee . 33.25 , 2: wee 117 1.26 
102 . 2.68 4.00 Comb. HO. 9.50 10.00 
AlOs ' 9.63 7.55 Hyg. HO 27.00 27.00 
Ni : 0.55 0.65 P,S, ete. 0.73 0.50 
Mn : 0.48 0.50 


The ore was treated as received. There were a few 
hard lumps up to zs in. in size, but the remainder was 
much finer. Over 80 per cent would pass a 100-mesh 
screen. One lot of ore which seemed most amenable to 
treatment was largely in the form of pellets v% in. or 
less in size, formed by the balling up of fine material, 
but when or how this occurred is unknown. 


CHLORIDIZING TESTS 


The first attempt to render the nickel soluble was by 
subjecting the ore to a chloridizing roast in the muffle 
furnace shown in Fig. 1. It was mixed with salt vary- 
ing from 1 to 10 per cent by weight and with pyrite 
varying from 0 to 10 per cent by weight. Temperatures 
varied from 400 to 650 deg. C., and the time of roasting 
varied from 2 to 6 hours. Roasted ore was leached with 
water and with varying strengths of HCl hot and cold. 


Extractions were all low (under 30 per cent) except 
with 10 per cent acid; in these cases an excessive amount 
of iron was dissolved. Chloridizing was therefore aban- 
doned. 

LEACHING TESTS 


Numerous tests were next made with direct leaching. 
Leaches with ammonia gave no extraction of nickel. 
Hydrochloric acid was little better, as was dilute sul- 
phuric. An extraction of 30 per cent nicke! was ob- 
tained with a 10 per cent solution of sulphuric acid boil- 
ing for 5 hours, but with it came a large amount of iron. 
Ferric chloride and sulphate solutions were also ineffi- 
cient. The results were not encouraging, so attention 
was turned to sulphatizing. 


SULPHATIZING TESTS 


The first tests to render the nickel soluble by sul- 
phatizing were made by roasting the ore with pyrite. 
Three variables were used: temperature, time and per 
cent of pyrite. A series of tests between 400 and 760 
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FIG. 1—4-IN. TUBE FURNACE USED FOR 
ROASTING EXPERIMENTS 


deg. C. indicated that 475 deg. was the most suitable 
temperature. The nickel extractions’ increased with 
time up to 4 hours, after which the extractions were 
practically constant. Pyrite up to 5 per cent of the 
weight of the ore was beneficial, but larger quantities 
seemed to have only slightly increased sulphatizing 
effect. 

In most cases the extraction was between 35 and 40 
per cent, 50 per cent being reached at times. Various 
changes were made in the procedure, such as heating 
slowly from a low to a high temperature and vice versa, 
giving the ore a preliminary oxidizing roast, giving it 
a preliminary reducing roast with coal, subjecting it to 
a preliminary heating in saturated and superheated 





1In all the sulphatizing tests the usual method of leaching was 
to boil the roasted ore in a flask for about 1 hour with from 
three to five times its weight of water. After leaching the pulp 
was atheves and washed and an aliquot part of the solution taken 
for analysis. 
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steam, and so on. In some cases the extractions of 
nickel were distinctly lower, but in no case were they 
higher. 

It was always possible to get better extractions by 
leaching with sulphuric acid solution up to 20 per cent 
in strength, but the amount of iron which went into 
solution was excessive. ° 

After a study of the data and the methods of treat- 
ment it seemed evident that part of the nickel was in 
a form easily attacked by SO,, while the remainder was 
more difficult to sulphatize. The pyrite was quickly ex- 
hausted and the sulphatizing power of the atmosphere 
in the furnace gradually lowered. 


Use OF HYDROFLUORIC ACID TO DECOMPOSE 
SILICATES 


Assuming that the nickel which resisted solution was 
in the form of silicate (garnierite?),a series of attempts 
was made to decompose them. For this purpose flucr- 
spar was mixed with the ore and the mixture roasted 
with pyrite. The results obtained were lower than when 
using pyrite alone. Addition of a small .amount of 
steam did not improve the result; there was evidence 
that hydrofluoric acid was formed and attacked other 
minerals in preference to those of nickel. 

Considerable time was spent in attempting to make 
garnierite soluble. Samples of that mineral were 
treated with hydrofluoric solutions and leached directly 
or after subsequent sulphatizing. In some cases sul- 
phuric acid was used with fluorspar and the residue 
leached directly or sulphatized subsequently with and 
without steam. The highest extractions of nickel ob- 
tained were less than 40 per cent. There was evidence 
that the presence of hydrofluoric acid was not beneficial 
and in some cases was harmful. 


SULPHATIZING BY MEANS oF SO, GAS 


In order to give the ore the treatment required, it 
seemed necessary to maintain a strong atmosphere of 
SO, throughout the period of the roast. In order to 
accomplish this the pyrite was put in a separate alundum 
boat beside the boat containing the ore and replaced by 
a boat of fresh pyrite every half hour. The first test 
showed an increase in extraction of nickel to 60 per cent. 
A few minor changes in manipulation and more fre- 
quent replenishing of pyrite brought the extraction up 
to 80 per cent. It was evident from these results that 
contact between ore and pyrite was not necessary and 
that satisfactory results could be obtained if SO, could 
be maintained in the atmosphere in the furnace.’ 

Having established the fact that contact of pyrite and 
ore was not necessary, it was a logical step to turn to 
liquid SO, as a constant source of gas for the experi- 
mental work. This was done with success and except 
where otherwise stated all subsequent work with SO, 
was carried on by introducing the gas into the furnace 
from a cylinder of the liquid. 

In order to discover the best operating conditions a 
number of tests were made. First the SO, was used 
with varying amounts of air and finally with air ex- 
cluded. Apparatus for accurate measurements was not 
available, but it was found that the highest extraction 
was obtained with the ratio of gas to air at about 1: 4. 
When too much air was used the extraction of nickel 

*This work was done in December, 1915, and January, 1916, 
thus antedating by about 2 years the Coolbaugh patents (U. S. 
Pat. 1,315,761, applied for Feb. 23, 1918) for sulphatizing the 


oxides produced in roasting sulphide ores with SO. obtained in 
roasting 





CHEMICAL AND METALLURGICAL ENGINEERING 





Vol. 26, No. 6 


dropped off; likewise with small amounts of air the 
extraction was very low. 

Temperature in the latter tests was 475 deg. C. 
which had been previously established as the best tem- 
perature for sulphatizing the nickel. A series of low- 
temperature tests was made: It was found that passing 
a mixture of 3 parts air and 1 part SO, for 2 hours 
through a tube containing the ore caused the following 
absorption of gas: 


SO: Grams 


SO-y Grams 

Temp., Deg. C. per Kg. Ore Temp., Deg. C. per Ke. Ore 
100 19.6 200 44.5 
150 27.6 350 59.0 


There was a slight solubility of sulphates at 350 deg., 
but none at the lower temperature. This is important 
as indicating that if enough ore can be put in train 
either in the roasting furnace itself or in a preheater, 
very little of the SO, will be lost in the flue gas. 

The SO, when mixed with illuminating gas did not 
render any of the nickel soluble. 

Some tests were made drying the air and gas and 
also introducing small amounts of moisture. The best 
results were obtained with dry gases. 

Since in practice it was probable that CO, would be 
present in the gases, some tests were made with equal 
amounts of air, SO, and CO,. These showed no lower- 
ing of soluble nickel and there was some evidence* that 
the CO, improved the extraction slightly, but this was 
not followed to a definite conclusion. 


UsE oF SO, GAs 


The solubles obtained in the experiments with SO, 
gas were all sulphates, tests for sulphites being nega- 
tive. This fact made it seem advisable to try SO, as a 
sulphatizing agent. 

The first tests were made by using FeSO, as a source 
of SO,. Temperatures between 300 and 475 deg. C. 
were used with the FeSO, mixed directly with the ore or 
in separate boats with frequent renewal. The extrac- 
tions of nickel were very low, usually not over a trace. 

In order to test further the effect of SO,, a tube of 
the solid anhydride was obtained and used as a source 
of the gas. The first test seemed encouraging when an 
extraction of nearly 50 per cent of the nickel was ob- 
tained at 475 deg. C. In further tests the extractions 
fell off to nearly zero. It is probable that in the first 
test some moisture was present in the cool part of the 
furnace so that virtually sulphuric acid was being used. 


ALUMINUM IN THE LEACH LIQUOR 


Up to this time only two points had been kept in view. 
‘The main object had been to extract as much nickel aa 
possible without rendering the residue unmarketable as 
an iron ore. It now seemed desirable to accept 80 per 
cent as the maximum Ni extraction, make a study of the 
composition of the leach liquor obtained, and consider 
methods of recovering the nickel from the solution. 

Several hundred grams of ore was roasted with SO. 
gas at 475 deg. C. for 4 hours (the conditions estab- 
lished for maximum extraction) and leached by adding 
hot water and boiling 1 hour. Since the resulting solu- 
tion contained only 1.5 g. nickel per liter, an attempt was 
made to concentrate it by evaporation, but on reducing 
it to about one-third its volume it became thick and of 
a sirupy consistency with aluminum sulphate. 

It was at once evident that a high concentration of 
nickel could not be obtained without the removal of the 
aluminum. Attempts to crystallize it as an alum were 
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made, but the crystals carried nickel in prohibitive 
amounts. Several reagents were considered, but they 
did not look promising commercially; the most feasible 
seemed to be limestone, and numerous tests were con- 
ducted with it. It was found that simply passing the 
liquor over lump marble soon coated the lumps with 
gypsum, but by rotating the marble in a wire cylinder 
dipped in the liquor the aluminum could be successfully 
precipitated. Powdered limestone could also be used, 
but the lump method seemed more satisfactory. In this 
work it was found that the aluminum was first precipi- 
tated, followed by the iron and lastly by the nickel. 
One test will serve to illustrate this point. 


——— Solutions —— Analysis of Air-Dried Precipitate 


Original vay Per Cent 
r. ’ 2.3 
Contact aioe Seausies > ae 
Fe2Os, grams per liter... 0.57 0.17 Ss Fo 
Al,Os, grams perliter... 3.21 0.02 SOs.. 39.6 
Nifgrams per liter... . . 0.30 0.31 


A few tests indicated that the aluminum could be 
leached from this precipitate by means of dilute H.SO.. 


LARGER SCALE ROASTING WORK 


It was thought wise that before proceeding it would 
be well to confirm the roasting data on a larger scale 
and at the same time obtain a larger quantity of leach 
liquor for precipitation experiments. 
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FIG. 2—MODIFIED BRUCKNER ROASTING FURNACE 


The first test made was to mix a charge of 25 kg. 
ore with 2.5 kg. pyrite and roast it in a small brick 
coal-fired reverberatory furnace. It was difficult to get 
absolute control of the temperature, but it was kept as 
near as possible at 475 deg. C. for 4 hours. The results 
obtained from several of these tests confirmed the small- 
scale work that mixing the ore with pyrite would give 
only about 40 per cent nickel extraction. 

It was therefore decided to construct a larger fur- 
nace in which SO, gas could be introduced. A laboratory 
Bruckner furnace 5 ft..long and 3 ft. in diameter was 
available, but since this was intermittent in operation 
it was used as a rotating device for a 12-in. cast-iron 
water pipe 12 ft. long which was inserted through the 
end openings as shown in Fig. 2. Firing was regulated 
to keep the temperature at the discharge end as near 
475 deg. C. as possible; variation under regular run- 
ning was + 20 deg. C. 

After numerous preliminary trials a run was made 
lasting 974 hours. Ore was fed at the rate of 1.57 kg. 
per hour and the average extractions obtained gave Ni 
53.6 per cent, Fe 2.5 per cent, Al,O, 51(?) per cent. 
It was evident that the low nickel extraction was due 
to the fact that the ore was subjected to the 475-deg. 
temperature for too short a time, since only a portion 
of the pulp could be maintained at this heat. 

It was next decided to take the water pipe used in the 


CHEMICAL AND METALLURGICAL ENGINEERING | 263 


previous tests, support it on suitable rollers and build 
a brick flue around it so it could be heated externally. 
This would keep the sulphatizing gases separate from 
the products of combustion and at the same time permit 
a more uniform temperature to be maintained. The 
feeding arrangement was kept as before, but in this 
case it was possible to incline the pipe slightly to facili- 
tate the flow of ore. SO, was supplied from a cylinder 
and mixed with air. _By this method nickel extractions 
between 70 and 80 per cent were obtained with SO, and 
air in the ratio of 1:2 by volume. 


RESULTS WITH WEDGE FURNACE 


Soon after completing the experiments in the fur- 
nace just described, the Institute of Technology moved 
to its new site in Cambridge and a laboratory type 
Wedge roasting furnace was added to the metallurgical 
equipment. Sulphatizing tests on the Cuban iron ore 
were tried in this furnace with very satisfactory results. 
The furnace was equipped with gas burners and thermo- 
couples on three hearths, a pipe was inserted at the 
lower hearth for introducing the SO,-air mixture, and 
all air leaks were carefully sealed. The speed of rota- 
tion was regulated so that it took 4 hours for the ore 
to pass through the furnace. When the furnace was 
running normally, ore could be fed at the rate of 4 kg. 
per hour. Temperature regulation was surprisingly 
easy and three small gas flames kept it at the desired 
point. Flue gases contained only 1.5 per cent SO.. 

Numerous tests in the Wedge furnace confirmed to 
a surprising degree the results of the small test in the 
electric tube furnace. It was evident that extractions 
of 70 per cent nickel and 70 per cent manganese could 
be expected in large-scale operations. Extractions of 
iron could be kept as low as 10 per cent; some tests 
indicated 6 or 7 per cent. Aluminum extraction fluctu- 
ated Setween 40 and 70 per cent, depending probably 
on the relative amounts of clay and bauxite. Even with 
10 per cent iron and only 50 per cent aluminum ex- 
tracted, the iron in the residue was higher than in the 
original ore. 


TREATMENT OF SOLUTIONS WITH Na,S 


Having confirmed the small-scale roasting tests and 
obtained several barrels of leach liquor, experiments 
were next made to work out a satisfactory method for 
treating the solutions. A preliminary economic survey 
in the light of the data collected made it evident that 
in order to develop a commercial process it would be 
necessary to recover not only a fair percentage of the 
nickel but also the aluminum extracted from the ore and 
the sulphur from the roasting operation. The use of 
marble which has been previously discussed was there- 
fore abandoned and some tests made with NaS as a 
precipitant. It seemed possible to’work out a aatis- 
factory process according to the following tree: 
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All tests indicated the entire technical feasibility of 
the above process. A high-grade Al(OH), product was 
obtained suitable for the manufacture of metallic alu- 
minum. The nickel-manganese-iron product was not 
further treated, but there seemed to be no reason why 
it could not be fused to a ferronickel product or other- 
wise treated for recovery of refined nickel. Apparently 
about 80 per cent of the sulphur in solution would be 
recovered. Unfortunately the best data obtained for 
the evaporation of the liquor and reduction of Na,SO, 
to Na,S indicated such a high cost for this step that a 
commercial process seemed doubtful and another method 
was sought. 


DECOMPOSITION OF SULPHATES 


Most metallic sulphates decompose readily when 
heated with carbon at red heat. It was thought that if 
the entire leach liquor could be evaporated to dryness 
and the resulting sulphates heated with carbon at a 
suitable temperature, the SO, could be recovered for 
direct use in the roasting furnaces and the alumina re- 
moved by leaching with caustic soda solution, from 
which it could be easily recovered. The residue from 
the caustic leach could be worked up for metallic nickel 
or a nickel alloy. The leach liquor used for these tests 
contained in grams per liter: 


Ala' 14.7. CrgOz.. 1.03 
NiO x 2 Serre ee 13.8 
Rs ccih tl site ae iene ihe areal EY Matte cds > beaeeek deme 0.69 


It is evident that the final residue would be too high 
in Fe,O, to make a satisfactory nickel product, so some 
of the iron was removed by adding freshly prepared 
aluminum hydroxide to the liquor, which precipitated 
80 per cent of the iron and all the chromium. If a 
stronger leach liquor is used some nickel is also pre- 
cipitated by this treatment. Aluminum hydroxide re- 
maining in the precipitate was easily removed with caus- 
tic and the residue after this treatment made a fair red 
pigment after proper calcining. 

After the aluminum hydroxide treatment the liquor 
was evaporated to dryness, giving a residue of the fol- 
lowing composition: 


Per Cent Per Cent 
AlOs Pee MNEs naeawénxds does 2.94 
NiO Ss ¢ “=P TIETe 0.54 
Mav 1.79 Hygroscopic water ; 3.90 
Cry, 0.73 Combined water and SQOs.... 71.40 


A series of tests was made to determine the best 
conditions for desulphurizing this material, and the 
following points were established: (1) The sulphates 
should first be dehydrated at approximately 400 deg. C. 
(2) Soft coal is the best carbonaceous material to use. 
About 15 per cent should be mixed with the sulphates 
and a blanket of coal placed on top. The latter precau- 
tion is necessary to prevent the alumina from becoming 
insoluble in caustic. (3) About 700 deg. C. is a satis- 
factory temperature, but good results were obtained 
between 600 and 700 deg. Roasting time is 4 hour. 

It was found that the material after the above treat- 
ment still contained small quantities of sulphur, prob- 
ably as basic sulphate, but this was readily removed by 
a dilute sulphuric acid leach. Strong caustic solution 
dissolves a large part of the alumina from this product, 
but a more complete extraction is obtained if the de- 
sulphatized material is first sintered with sodium car- 
bonate and then treated with caustic. 

Having established the feasibility of the process as 
far as technical considerations were concerned, the proc- 
ess was viewed from a commercial standpoint in the 
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was probable after charging off the usual interest, 
depreciation, etc. The evaporation cost was again a 
very important item in the total cost and efforts were 
directed toward treating the leach liquor more eco- 
nomically. 


DIRECT LEACHING FOR ALUMINA 


It has been previously noted that the presence of 
aluminum sulphate causes the solutions to become sirupy 
when concentrated and is troublesome in the recovery 
of the nickel. Furthermore the aluminum consumes a 
large part of the SO, used, and thus increases the ex- 
pense. There are two well-known solvents for alumina 
—viz., caustic soda and hydrofluoric acid—and it was 
decided to try leaching the ore directly with these pre- 
vious to sulphatizing. 

A 45 per cent NaOH solution was used as in the Bayer 
process. On boiling the ore for 1 hour it was found 
possible to extract 60 per cent of the aluminum with 
5 per cent of the chromium and 6 per cent of the silica. 
Nickel and iron were insoluble. This seemed encourag- 
ing, but considerable losses of caustic were entailed be- 
cause of difficulty in washing the ore; even with large 
amounts of wash water much expensive caustic was lost 
and much evaporation would be required to concentrate 
the solutions. This treatment was therefore abandoned. 

An attempt was made to use the Doremus hydro- 
fluoric acid process. This process was devised for treat- 
ing clay with a 15 per cent hydrofluoric acid solution. 
The reaction causes the temperature to rise and when 
it reaches a maximum the pulp is filtered. In using it 
on Cuban ore it was soon found that an excess of acid 
caused considerable solution of iron, nickel and man- 
ganese. In all tests a maximum of 50 per cent of the 
aluminum was rendered soluble, so tests were made 
using only enough hydrofluoric acid to dissolve this 
amount. The result was a lowered aluminum extrac- 
tion. More encouraging results were obtained with a 
15 per cent hydrofluoric acid solution sufficient to unite 
with 75 per cent of the aluminum. Under these condi- 
tions the pulp had the consistency of a thin mud. Dry 
ore was stirred into the solution, causing a rise in tem- 
perature of 75 deg. C. in about 2 minutes. The pulp 
was at once filtered, and contained at most 48 per cent 
of aluminum, 8.8 per cent of the iron and 10.9 per cent 
of the nickel and 7.8 per cent of the manganese. It was 
found that adding Al(OH), to the solution after filter- 
ing would precipitate more than half of the iron, but 
did not affect the other constituents. Washing the ore 
caused much of the aluminum to hydrolyze and it was 
evident that great difficulty would be encountered in 
producing a satisfactory leach without considerable loss 
of acid. Sulphatizing tests on the residue were entirely 
satisfactory, but in view of the leaching difficulties and 
the contamination of the soluble by excessive solubility 
of iron, nickel and manganese the treatment did not look 
attractive. 

FINAL PROCESS 


As a result of considerable further study and research 
a process was finally developed which was simpler than 
the previous treatment and so far as laboratory tests 
and calculations would indicate was both a technical 
and commercial success. It will be best understood by 
first presenting the flow sheet and follow it by a discus- 
sion of some of the research establishing each step. 

Step 1. Tests indicated that if the ore was mined by 
hydraulicking, a considerable portion of the chromite in 
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the ore might be recovered by installing riffies in the 
sluiceways. 

Step 2. The outstanding features of the sulphatizing 
coasting have already beén discussed. Since the re- 
action is exothermic, very little heat will be required in 
addition to that brought in by the SO, gas. 

Step 3. Leaching should be conducted in a suitable 
form of agitation tank with scrap iron present to reduce 
the iron in solution to the ferrous state. This makes 





FLOW SHEET OF FINAL PROCESS 
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the solution non-corrosive and makes it possible to sepa- 
rate the iron and aluminum as described under step 5. 
After agitation the pulp goes to a filter, where after 
suitable washing the cake goes to a sintering machine, 
the product of which is sold as iron ore. If pyrite is 
used as a source of SO, the cinder is added to the ore 
residue for sintering. 

Step 4. CaCl, solution is now added to the leach 
liquor. The gypsum formed accomplishes two important 
ebjects, the recovery of the sulphur in a marketable 
form and the elimination of a considerable portion of 
the water as water of crystallization, thus cutting down 
the amount to be evaporated. The sulphate leach liquor 
is also changed to chloride by this step and the separa- 
tion of the constituents is facilitated. 

There are several points of general interest which 
were brought out in studying step 4. If any of the iron 
in the leach liquor is in the ferric state, some of it is 
carried down by the gypsum and colors it brown. If 
the iron is all ferrous, the gypsum will be perfectly 
white. A long time was spent in establishing the best 
conditions for precipitating the gypsum, but after nu- 
merous experiments a method was finally established 
by which a product was obtained which would calcine 
properly, giving the characteristic “boil,” and give a 
product which would set satisfactorily—in short equal 
to the highest grade plaster of paris. 

Step 5. Several series of tests were made to study 
the effect of powdered marble as a precipitant. There 
was placed i100 c.c. of the solution in open bottles which 
were large enough to rotate on their sides without spill- 
ing, marble was added in varying amounts and the 
bottles rotated cold for 8 hours. After standing over 
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night the tests were diluted to 250 c.c., filtered and the 
precipitates carefully washed. The results are given 
in Table I. 

This table confirms what was indicated in some 
earlier work with lump marble—that aluminum has the 
greatest tendency to precipitate, with ferric iron a close 
second. There is much less tendency for the divalent 
metals to precipitate. Two courses are therefore open. 
Leaching the ore in the presence of scrap iron may be 
omitted, leaving the iron dissolved from the ore largely 
in the ferric condition and precipitating it with the 
aluminum and chromium, thus obtaining at once a 
separation of iron and aluminum from nickel and 
manganese. This has the disadvantages incident to 
handling highly corrosive ferric solutions and further- 
more a precipitate relatively low in alumina is obtained. 
The other alternative is the one used in the flow sheet, 
where the iron is reduced to the ferrous state, the 
alumina precipitated relatively pure by limestone and 
the iron subsequently precipitated by limestone as 
described in the next step. The precipitation of alumi- 
num from the reduced solution was carefully studied. 











TABLE I—ANALYSIS OF FILTRATE 





Nickel Ferrous Iron Ferric Iron Manganese Alumina 
4 . S . S u S i. S . S 
c e 2s 66 2» 4&6 2 6 2 6 2 
Z. 2 s 4&8 a 2 £ 4 x 
a = a ~ F} _ = = - ~ F} ~ 
Ei Fe é S Fe = 
..8@é6€ 26 £86 €@€86 228.38 
Original 
Liquor 0 1.43 100 0.75 100 6.42 100 1.30 100 ? 100 
1 1.0 1.42 100 0.75 100 1.28 200 1.30 100 1.17 ? 
2 1.5 1.42 100 0.75 100 0.26 4.0 ? ? 0 0 
3 2.5 1.41 99.3 0.75 100 0 0 1.30 100 0 0 
4 3.0 1.40 98.6 0.75 100 0 0 1.28 100 0 0 
5 3.0 1.39 97.9 0.73 97.4 0 0 1.30 100 0 0 
6 4.0 1.36 95.8 0.64 85.4 0 0 1,25 %6.1 0 0 
7 4.5 1.30 91.6 0.42 56.0 0 0 41.09 83.9 0 0 
8 5.0 1.22 85.9 0.00 0.09 0 0 ? ? 0 0 








It was found desirable to agitate the solution for 2 or 
3 hours, otherwise the precipitate will be contaminated 
by basic chlorides. The precipitate obtained in this 
step after washing and drying is readily soluble i» 
caustic soda solution from which pure aluminum 
hydroxide is precipitated by the usual methods.’ 

Best results in precipitating the aluminum with lime- 
stone were obtained by conducting the agitation in a 
closed pebble mill. This accomplished three principal 
objects: Decomposition of basic chlorides, use of less 
limestone, and finally exclusion of air, which last pre- 
vents oxidation and precipitation of iron. A study of 
the precipitation indicates that much of the aluminum 
is first precipitated as a basic chloride which is sub- 
sequently decomposed by the limestone. A slight excess 
of finely ground limestone is usually desirable. 

Both hot and cold precipitation were tried. At 60 
deg. C. there was less trouble with basic chlorides, but 
there was more loss of nickel. It seems wiser, there- 
fore, to precipitate in the cold and give sufficient time 
and agitation to decompose any basic chloride which 
forms. 

Step 6. After the aluminum has been precipitated the 
iron may be removed by aération at 60 deg. C. with the 
addition of powdered limestone. Laboratory work was 





‘It was found that the precipitate from the leach liquor usually 
contained a small amount of nickel. This was unexpected and 
no explanation was found for it. The nickel thus precipitated is 
recovered by returning the residue from the caustie treatment 
back to the ore leaching. 
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carried out in a cylindrical glass cell with a canvas bot- 
tom, below which was an air chamber. The solution 
was kept hot by an electric coil. In a few tests no 
nickel was precipitated by this method, but in most 
cases an appreciable amount was carried down by the 
iron. It is probable that some condition exists where 
a nickel-free precipitate can be obtained, but this has 


not been definitely determined and at present a 15 per: 


cent loss is assumed. The best results were obtained 
by adding the limestone finely pulverized and mixed 
with water to a thin paste. It should be added slowly. 
The precipitate obtained in this manner was granular 
and filtered very readily; after drying it was brown in 
color and bulky for its weight (19 lb. per cu.ft.). 
Analysis showed it to be practically an artificial 
limonite. Where a finely divided ferric oxide is desired 
this product should prove useful in its original state 
or it can be easily calcined to form a pigment. 

Step 7. There now remains a CaCl, solution contain- 
taining nickel and manganese. These are readily pre- 
cipitated by burnt lime, leaving the solution to be 
eoncentrated by evaporation and returned to the gypsum 
precipitation. 

Step 8. The nickel-manganese product may be fused 
to produce pig nickel or dissolved in sulphuric acid 
and electrolyzed, giving pure nickel cathodes and man- 
ganese dioxide at the anodes. The electrolyte is kept 
neutral by circulating it over fresh precipitate.’ 

The anode deposit of manganese dioxide was of suffi- 
cient purity to be used in dry cells. 


CONCLUSIONS 


All the foregoing results are in the nature of a 
summary of prolonged and systematic research. Much 
of the work did not lead to the desired end, but the 
facts brought out have metallurgical importance aside 
from their relation to the treatment of Cuban iron ores. 

In the end a process was developed which, starting 
with ore from the north coast of Cuba and using as 
reagents pyrite (or SO, gas) and limestone, ends with: 
A beneficiated iron ore. 

Gypsum (or plaster of paris). 
Alumina (or metallic. aluminum). 
Electrolytic nickel. 

Manganese dioxide. 

6. A pure finely divided, hydrated oxide of iron 
(or pigment). 

An economic discussion is not within the province of 
this paper, but this side of the problem has been care- 
fully considered and the results are favorable to the 
process. 

One fact has not been mentioned in the paper which 
has impressed itself on all who have worked on this 
problem and may occur to one reading the preceding 
pages. This is the long, devious and rough road the 
research worker must often travel to reach a desired 
goal. In commercial research the failure of promising 
leads often brings the decision to give up the work. 
This is especially true where the men who appropriate 
the money. are unfamiliar with the technical aspects of 
the problem. Again and again in the work described 
above there was every reason to lose hope and stop. The 
final success was due as much to the men who financed 
the operations as to those who worked in the laboratory. 


uote wi 


‘It was only when some of the electrolytic experiments were 
made that the preserice of cobalt was discovered. The ore used 
contained a very small amount which escaped detection in the 
analysis. The electrolytic nickel produced contained 10 per cent 
= ; sy it ~ oa be necessary to make a separation if pure 
nickel is destre« 
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Reducing Eye Hazards in Industry 


Definite steps to remove the eye hazard, which is 
increasing at an alarming rate in industry, will be taken 
during the coming year by the Department of Labor 
and Industry of Pennsylvania. 

After more than 2 years’ study of conditions causing 
eye losses, the Industrial Board has completed revision 
of safety standards governing head and eye protection. 
The head and eye code was completed and adopted by 
the board last July after a year of public hearings and 
revision and is now printed for distribution. The Divi- 
sion of Hygiene and Engineering performed an exhaus- 
tive investigation and prepared recommendations which 
it submitted to the board in July, 1920, on the eye 
hazard. 

Seven separate occupations are enumerated in the 
new code where protectors are required, as follows: 
Oxy-acetylene and other compressed gas welding and 
burning, chipping, electric arc welding, grinding-wheel 
dressing and rough emery, iron tapping at cupola, sand 
and shot blasting and thermit welding. 

Goggles, masks, helmets, hoods and shields are recom- 
mended as protectors for certain lines of work. In 
every one of the mandatory. occupations goggles are re- 
quired with the exception of sand and shot blasting, in 
which case a hood is required. 


EXTENT OF EYE INJURIES 


Recognition of the element of negligence in the en- 
forcement of this code has resulted in the injection of 
strong arguments for the purpose of bringing home to 
workers and employers the danger in eye accidents. The 
fact that eye cases number more than all other perma- 
nent injuries put together for which compensation is 
paid brings home a lesson to the responsible parties. 
Another lesson, which confronts the workers particu- 
larly, is found in the fact that eye losses are permanent 
in the sense that such cases almost preclude rehabilita- 
tion in any form. A worker who loses a hand or a foot 
may be trained in some gainful occupation where his 
loss is not substantially felt, but a man who loses one 
or both eyes stands less chance of getting back as a 
producer. The employer will realize what it means 
when one of his employees loses an eye through having 
failed to take the necessary precautions when he knows 
that $1,005,414 was awarded last year for 677 eye losses, 
while $1,275,487 in compensation was awarded for 648 
leg, arm, hand and foot losses combined. 

Compensation is also required now under an act 
passed at the last session of the Pennsylvania Legis- 
lature for facial disfigurement. This hazard would be 
minimized by compliance with the new head and eye 
protection code. The first case coming under this pro- 
vision of the compensation law was disposed of in an 
award of $600 for the loss of an ear. 

The code sets forth employers’ and employees’ respon- 
sibility in carrying out its provisions. Every employer 
“or person exercising direction or control over any per- 
son or persons who remove any safeguard or safety 
appliance or device, or over any person or persons for 
whose protection it is designed shall have such safe- 
guard, safety appliance or device so removed promptly 
and properly replaced,” it is stated. 

Employees are required under the code to “use all 
safeguards, safety appliances or devices furnished for 
their protection.” Each employee is responsible for 
carrying out safety standards which may concern or 
affect his conduct. 
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Building Up Worn Metal Parts by Electrodeposition 





A Discussion of the Relative Merits of Copper, Nickel and Iron for Building Up Worn Bearings and Other 
Metal Parts by Electrodeposition—Factors Which Should Be Considered in Choosing the 
Proper Metal for a Particular Application 


By W. E. HUGHES, B.A. (CAmB.) 





tical application of the electrodeposition of metals 

has manifested itself in several directions. Prom- 
inent among the uses made of the art is the restoration 
to gage of worn parts of airplanes and other mechan- 
isms. This process has come to be known as “building 
up”; and it was adopted and practiced, more or less suc- 
cessfully, in a number of government workshops in 
France, England and America during the war. The 
metal deposited upon the worn and under-gage parts 
was usually iron, though copper was employed in some 
cases, especially where the deposit had to serve the 
purpose rather of a bushing than a bearing surface. 
Since the armistice (and infrequently before it) nickel 
has been used to the same end. 

The object of the present paper is to examine critically 
the advantages and disadvantages of the use of the 
three named metals, the idea being impartially to assist 
in his choice of metal any engineer who may contem- 
plate using the “building-up” process. This appears to 
be the more necessary as there seems to be an idea 
prevalent that there is something new in the use of 
electrodeposition for “building-up” work. There is, 
indeed, nothing new in this use at all. The extention 
of the methods of electrodeposition to the end under 
consideration is not, in itself, new; what has happened, 
in fact, is that it has now been recognized that such 
methods can be employed more generally and for a 
greater number of similar ends. No claim to a patent 
covering the idea involved could be for a moment sub- 
stantiated in a court of law; the element of novelty 
would be wanting. 


ik impetus given by war necessities to the prac- 


GENERAL REMARKS 


It is necessary at the outset to make a few general 
remarks in regard to the electrodeposition of metals as 
practiced by those seized by sudden enthusiasm for it 
to this or that end. Almost all such persons seem to 
think that they have discovered something; and they do 
not therefore hesitate to style themselves inventors. 

Such displays were common in 1914. The excellent 
work already done long before by C. F. Burgess and 
C. Hambuechen,’ A. Pfaff,’ F. Foerster and his pupils’— 
to mention only a few serious investigators—was 
unknown in general. Alexander Watt‘ and M. von 
Jacobi® were spectral beings of the past! The same illu- 
sions may quite well exist in regard to building up with 
nickel. The text-books still contain recipes for making 
nickel solutions that are based upon the out-of-date 
double sulphate of nickel and ammonia. Such solutions 


Trans. Am. Electrochem. Soc., 1904, vol. 5, p. 201. 

Zeit. Elektrochem., 1910, vol. 16, p. 217. 

i bhandl. der deutsch. Bunsen Gesells., No. 2, 1909. 

The Electrician, 1887 and 1888. 

Bull, de PVAcad. Imper. des Sci. de St. Petersburg, 1869, vol. 13, 
’ 40, and ibid., Brit. Assoc. Rap., 1869, p. 67. 


are quite useless for the formation of thick electro- 
deposits of nickel. The reasons why this is so have been 
pointed out elsewhere; it is sufficient to state here that 
only such solutions as are based upon the “single salts” 
—nickel sulphate—are of any real use for building-up 
work. 

SOLUTIONS RECOM MENDED 


Before discussing the main theme of this article— 
namely, the relative merits of copper, iron and nickel 
for “building-up” work—it will perhaps be useful to 
indicate briefly one solution which can with advantage 
be employed for depositing each of the metals men- 
tioned, respectively. 

For depositing copper, there is no more useful solu- 
tion than that composed of copper sulphate (24 to 3 lb. 
of pure erfstals per gal. of solution) and sulphuric acid 
(4 to 6 fluid ounces of pure 1.84 acid per gal.). This 
is known as the acid copper bath. The current density 
which should be employed varies according to whether 
the solution or work is to be moved or agitated during 
the process of deposition, or not. If not, then the cur- 
rent density should be 10 to 12 amp. per sq.ft. of sur- 
face to be deposited upon; if movement is employed, 
more current—a higher current density—can be used. 

For depositing iron, one of the best solutions to use 
is that composed of ferrous chloride and calcium chlor- 
ide. The following proportions of ingredients have been 
found to give excellent deposits up to an inch in thick- 
ness: 9 lb. of ferrous chloride, 10 lb. of (anhydrous) 
calcium chloride and 14 gal. of water." These will make 
approximately 3 gal. of solution. The solution should 
be heated to above 80 deg. C. The current density 
employable is from 80 amp. per sq.ft. upward, yielding 
a thickness of deposited iron of from 0.004 in. upward 
per hour. 

For depositing nickel, a bath composed of nickel! sul- 
phate (about 3 lb.), magnesium sulphate (6 to 8 0z.), 
powdered boric acid (1 to 4 oz.) and 1 gal. of water 
is of very general service for “building-up” work. The 
solution is worked at the ordinary temperature and at a 
current density of 10 to 15 amp. per sq.ft. 

In general, it may be said that the operations re- 
quired to prepare the surface to receive the deposit are 
as important as the deposition process itself. That sur- 
face must be clean and free from all scale, dirt and 
grease. Unless it is, failure will almost certainly result, 
for the deposits will not adhere to the articles on which 
they are formed. Failure will cause waste of time and 
money, and it is essential in such a process as that 
called “building up” that the matter of cost should 
always be in the forefront of the worker’s mind. It 
may be mentioned here that reliance on any cleaning 
property that the plating solution may possess is mis- 
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placed; no one who indulges such reliance should ever 
be in charge of a plating plant. 


CHOOSING THE PROPER METAL 


Each of the three metals copper, iron and nickel has 
its uses in “building-up” work. But before any one of 
them is employed for that purpose, careful stock should 
be taken to insure that the metal adopted in any par- 
ticular case is the best of the three to use for the pur- 
pose it has to serve. The decision in each case will be 
affected by considerations of efficiency and economy. 
The former involves a survey of the physical (includ- 
ing mechanical) properties of the three deposited 
metals; the latter will be very largely affected by the 
costs of materials and process. On the one hand, it is 
useless to employ a comparatively soft and tough metal 
like copper in cases where a hard metal is required; 
and, on the other hand, if a cheap metal, such as iron, 
will serve the purpose one has in view, it is obviously a 
needless increase of cost to use nickel or copper, other 
things being equal. Again, both the ease and general 
costs of deposition must be considered. It will there- 
for be of advantage to consider each metal separately 
(though at the same time comparatively) from the 
points of view of efficiency and economy. 


APPLICATIONS OF COPPER 


During the late war the writer used copper for 
“building up” such work as pump-sleeves, ball races, 
airplane engine cylinders, and the like. In many cases 
the metal had to serve as well the purpose of a sort of 
binder, similar to the purpose served by lead in the 
instances cited by G. B. Hogaboom.' In other cases it 
was necessary that the metal used should be a good con- 
ductor of heat or electricity. In such cases as these 
copper was the only metal that would suit all the pur- 
poses required. Hence copper was used; it was the only 
one available and thus could not but be the most eco- 
nomical and efficient. 


APPLICATIONS OF NICKEL 


If a modern nickel solution is employed, nickel-plating 
is certainly not uneconomical, where nickel is the proper 
metal to use. Rapid work can be done and cathode 
losses are small; those facts, separately or together, 
mean in effect that floor space is minimized, and over- 
head and other charges, such as rent, outlay on plant, 
laid up capital and so on, are reduced. But the question 
as to whether nickel is the proper metal to use is an 
important one. As compared with copper, its electrical 
conductivity is lower; so also is its heat conductivity. 
Hence it cannot be efficient to use nickel if it is import- 
ant that the plated article should not suffer as a whole 
in respect to heat or electrical conductivity. That is 
one instance. Another is where grip or binding is 
advantageous. If, as sometimes happens, it is neces- 
sary to “build up” the threaded end of some piece of 
mechanism, the use of nickel would result in a less 
efficient product than if copper were employed, because 
copper would make a better joint than would nickel, 
since the former is both tougher and more malleable 
than the latter. Still another case is where some 
amount of machining or cutting is required to be done 
on the plated article. The consequence to machining 
tools of using nickel for copper was brought home to 
the writer a few years ago. Complaints reached him 
that the cutting edges of tools in the machine shop were 
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being seriously injured through their use on deposited 
nickel, and the employment of that metal had to be 
abandoned. 


APPLICATIONS OF IRON 


It may be stated quite generally that, unless some 
special reason exists for using copper or nickel, iron 
should always be used for “building-up” work. It has 
been said lately that there is no reason to use iron, 
because nickel is cheaper. As a general statement this 
is grossly inaccurate in as far as “building-up” work is 
concerned. In the first place, pound for pound, nickel 
anodes (cast or rolled) are much more costly than 
Swedish (or any other) iron. Then, on the cathode 
side of the bath, there is no nickel solution known that 
will give, in everyday workshop practice, good, close- 
grained deposits of metal at a current density of 100 to 
150 amp. per sq.ft. Such can be obtained with the 
greatest ease from the ferrous calcium chloride solution. 

The writer has obtained excellent deposits 0.02 in. in 
thickness, at a working current density of 200 amp. 
per sq.ft. and under still-vat conditions. Moreover, 
working at that current density, deposits can be formed 
at the rate of 0.009 to 0.010 in. per hour. The refined 
method of the Oettel’s coulometer is not necessary to 
prove this; the screw-gage is sufficient. The theoretical 
thickness of deposited iron per hour from a bath 
worked at 20 amp. per sq.ft. is (very approximately) 
0.001 in. Hence there is but very little less of cathode 
efficiency when working with the double chloride bath 
at the current density mentioned (200 amp. per sq.ft.) 
and under ordinary workshop conditions. Thirdly, gal- 
lon for gallon, the cost of a modern nickel solution— 
and no other than a modern one is of any use—is 
greater than the cost of a good iron-depositing solu- 
tion. Fourthly, the working costs other than those of 
upkeep of the bath—costs such as labor, rent and other 
dues, and so on—will certainly not be greater in the 
case of iron than in that of nickel. Under proper 
management they should be much less, since, other 
things being equal, the greater the output of a bath the 
less the cost of the product; and it cannot be gainsaid 
from workshop experience that the output of an iron- 
depositing solution, such as the ferrous calcium chloride 
bath, is several times greater than that of any nickel 
bath yet invented, even though the latter be worked hot. 

To take a specific instance—it is required to plate a 
crankshaft, say, with 0.006 in. of metal. This can be 
done with ease in the iron bath mentioned in from 1 to 
1+ hours, working at a current density of only 140 amp. 
per sq.ft.; the writer has done it many times. In a 
nickel bath the time required would be at least 3 hours, 
even allowing that nickel bath could be worked, com- 
mercially, at 40 amp. per sq.ft. Hence the iron bath 
can give more than double the output from the nickel 
bath; or, alternatively, for a given output the vat room 
required for iron deposition is less than half that 
required for nickel deposition. And on the score of 
relative cost there are many other arguments in favor 
of iron. But apart from actual net working cost, there 
is efficiency to be considered. This depends in great 
part on the nature and properties of the product; an 
inferior product is too costly at any price. As regards 
the product in iron deposition, it may truly be said that 
much more is known about it than about deposited 
nickel. The structure that iron will have is known, no 
matter what the type of bath used (sulphate or chlor- 
ide) or the conditions under which it is formed. Little 
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indeed is known of the structure of nickel deposits. 
Since in the case of deposited metal, structure governs 
or determines properties, it follows that one can obtain 
from iron-depositing solutions whatever kind of metal 
one needs within the limits of the properties of electro- 
deposited iron. Control therefore is well-nigh complete. 
Again, when one has obtained a nickel deposit, it is 
not easy to do anything with it. It is difficult to 
machine, and it cannot be heat-treated to produce a 
case-hardened effect or to be made one with the base 
metal. Both these things have been proved possible 
with deposited iron on iron or steel. 

Nevertheless it would not be true to say that there 
are not occasions when it is preferable to use nickel 
rather than iron. The point here is that iron should be 
used wherever possible, unless there is some overriding 
reason for the employment of nickel or some other 
metal. And further, to say generally that nickel 
deposition is cheaper than that of iron is to state that 
which is contrary to fact. 

The importance of the structure of the deposited 
metal has been already mentioned. This is indeed a 
matter for serious consideration when the question as 
to which metal shall be used for “building-up” work has 
to be decided. 


Thermal Stresses in Car Wheels 


ORE than 2 years ago a research was started at 

the Bureau of Standards to investigate the 
stresses in the plates of chilled iron car wheels caused 
by heating the rim, a condition approximating that of 
service where on long grades, it is said by some rail- 
road men, the tread reaches a dull red temperature.’ 
Later, a similar investigation on steel car wheels was 
started. 

In the special thermal stress tests for both investi- 
gations, the wheel was mounted on a hollow water-cooled 
6-in. axle. The axle in turn rested upon cast-iron and 
concrete support, such that the bottom of the wheel was 
2 ft. 8 in. above the floor. A soft steel resistor 34 in. 
in width and } in. in thickness was placed on the tread 
of the wheel but insulated from it by a thin sheet of 
perforated asbestos, and an alternating current of 1,000 
to 1,500 amp. at 15 to 30 v. from a 30-kva. transformer 
was passed through the resistor. As the wheel was in 
an upright position and remained stationary throughout 
the test, it was readily possible to bring the resistor 
itself to a red heat within 5 to 10 minutes. Undue 
radiation of heat into the air was prevented by the use 
of asbestos covering. The tread of the wheel attained 
a maximum temperature of approximately 380 deg. C. 
(716 deg. F.) in each experimental run. 

In order to interpret the results of these tests it was 
necessary to determine satisfactorily the distribution 
of temperature in the wheel from tread to hub. Copper- 
constantan thermocouples of No. 30 B. & S. gage wire 
were used; seven couples were used along a vertical 
radius at approximately 2 in. intervals, and seven 
others similarly located along the horizontal radius. 
Readings were taken along both radii for the purpose 
of obtaining duplicate results. Two other thermocouples 
were inserted into the treads of the wheel; thus four 
couples, one in the resistor, were placed at equidistant 
points in the tread of the wheel and assurance was given 
that uniformity of tread temperature was attained. 








‘This paper has been completed and will appear shortly as a 
Technologic paper. 
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A 2-in. Berry strain gage was used for measuring 
the deformation, readings being taken at 1-in. intervals 
on both the vertical and horizontal radii. It will be 
observed that these readings were taken over a consid- 
erable area, this being the only manner of satisfactorily 
determining the point of maximum stress. 

Identical rates of power input were maintained for 
each test in order to obtain comparative results. It 
was necessary to increase the power input near the end 
of the test to attain the desired tread temperature in 
a comparatively short time. 

The strain gage readings represent the deformations 
due to thermal expansion of material and strain due 
to tension caused by expansion of the rim of the wheel. 
Having determined the coefficient of expansion and ten- 
sile properties of material in auxiliary tests, the value 
of the strain was obtained by deducting expansion due 
to temperature from the total deformation and the 
strain in turn was translated into stress in pounds per 
square inch on the stress-strain curves. 

In the investigation of chilled iron wheels, twenty- 
eight wheels of several weights and designs were tested 
at the bureau and of this number 57 per cent developed 
circumferential cracks near the hub, of various magni- 
tudes. All but two of these wheels were double-plate 
M. C. B. and Arch plate type and all the failures 
occurred in the face plate of these types, while of the 
two single-plate wheels tested no failures occurred. 

Results obtained in the tests of sixteen steel wheels 
may be summarized as follows: 

(1) None of the steel wheels failed. 

(2) Because of the movement of the hub with re- 
spect to the rim, on account of the heating of the rim, 
a beam effect is produced in the plate which induces 
tensional stresses near the hub and stresses in com- 
pression near the rim on the face of the plate, while 
on the back of the plate the stresses are approximately 
equal in magnitude but reverse in nature. 

(3) These effects were observed in new wheels, while 
the stresses on the face of the plate of old wheels were 
in tension near the hub and at the rim they decrease 
to practically nothing, this difference from the new 
wheel probably being due to the quantity of metal worn 
away. 

(4) The magnitude of the maximum stresses devel- 
oped approximated the yield point of the material as 
determined in tensile tests. 

(5) After the first series of observations had been 
completed on the new wheels, an apparent set was 
obtained which was not the case in succeeding series 
of observations nor in tests on old wheels. The maxi- 
mum stresses were in the surface cf the plates and 
were beyond the yield point of the material. 





New Public Service Power Map Issued 

A map of New Jersey showing the location of the 
power stations and transmission lines used in public 
service and the names of the public utility companies 
has just been published by the United States Geological 
Survey. This map will be of interest to municipalities, 
manufacturing companies and other organizations con- 
templating the use of electricity for power or light. 
Similar maps are now available for New York, Pennsyl- 
vania, Massachusetts, Rhode Island, Connecticut, Mary- 
land, Delaware, District of Columbia, Vermont and 


New Hampshire. Maps may be purchased of the 
Director for 50 cents each. 
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Synthetic Cast Iron, Made in 


California 
By Larry J. BARTON 


Metallurgist, Southern Pacific Railway Co. 
STEEL mill was put into operation in April, 1920, 

\ at the gen@ral shops of the Southern Pacific Co., 
Sacramento, Cal., for the production of steel castings, 
forging and rolling ingots. Necessary ingot molds were 
made at our own iron foundry from ordinary pig iron, 
but it was immediately found that these molds were not 
suitable. They cracked badly in use; some would crack 
the full length of the mold, while others would crack 
completely around the top. Failures were very heavy, 
some molds going only one heat before having to be 
scrapped. Upon chemical examination the trouble was 
thought to be in the phosphorus content, the percentage 
found ranging from 0.40 to 0.70 per cent. (See Table I 
of chemical analyses.) 

A purchase of the ordinary grade of bessemer iron, 
with phosphorus below 0.20 per cent, was then made. 
Molds cast from such iron proved to be satisfactory in 
every detail, the average number of heats from each 
mold being about 70. (See Table I.) As this pig iron 


TABLE I—CHEMICAL ANALYSES OF PIG IRONS AND INGOT MOLDS 


THEREFROM 
Item Carbon Mn Si P Ss 
Defective mold No. | 3.70 0.80 1.60 0.681 0.081 
Defective mold No. 2...... 3.40 0.60 1.50 0.445 0.092 
Standard U. 8. mold..... 3.50 to 0.40 to 1.75 to 0.150 or 0.100 or 
4.00 0.60 2.00 less less 
French mold 3.25 to 1.75 to 1.50 to 0.100 or 0.050 or 
3.50 2.25 1.80 less less 
Purchased bessemer iron 3.35 1.05 1.08 0.136 0.036 
Molds from above bessemer 
Th, Cesena 3.71 0.79 1.73 0.340 0.028 
Molds from ak bessemer 
i. .............. 20 1.0 0.0 @o “Sen 
Electric furnace iron desired 3.00 to 1.50 to 1.75 to 0.100 or 0.050 or 
ct Ee Rte te 
Iron obtained (Table IT). 3.12 1.71 ‘ ‘ 
Mold cam Ghove 3.24 1.67 1.82 0.180 0.085 
Purchased electric furnace 7 o 4s + ®. 180 9. ens 
3.50 0.65 1.16 0.064 


iron 
Mold from above 0.331 


was purchased for trial, it soon was used up and we 
were again faced with prospective mold trouble. There 
was no available bessemer pig for ready delivery on the 
coast at the time, and as a last resort we turned to the 
electric furnace. 

Believing that iron made from steel scrap would be 
as good as the general bessemer pig, we determined 
to manufacture some. Having noted some time before 
that a French concern used high manganese in its ingot 
molds, we decided to try its analysis. As this iron 
was to be experimental, we did not care to move all 
the molders’ rigging from the iron foundry to the steel 
mill, so it was decided to pour the iron into pigs, and 
then remelt it in a cupola and pour the molds at the iron 
foundry, where all the accessories for doing this kind 
of work were located. With this in mind, it was decided 
to get the carbon in our pig iron somewhat lower than 
finally wanted, believing that the pick-up in the cupola 
would counterbalance any small amount left out in the 
electric furnace. Furthermore, it has been found that 
in making synthetic iron it is a very easy matter to 
get the carbon up to about 3.00 per cent, but from there 
on many difficulties are encountered. Table I shows 
the analyses desired—somewhat lower in Mn and higher 
in Si than the French mold we were imitating. 

The furnace is a standard 6-ton Heroult, basic lined. 
Electrical equipment was made by the General Elec- 
tric Co. 
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As shown in Table II, we were going to use steel 
scrap, and were not forced to slag off to reduce phos- 
phorus; therefore we turned our attention to reducing 
sulphur. First, old electrodes were broken into pieces 
about 4 in. in diameter and thrown on the hearth. This 
was to give the required carbon to convert the steel into 
cast iron and formed a necessary reducing atmosphere 
during the melting-down period. While this worked 
well, it was found better to use ground coke instead of 
the lumps of carbon. Lumps tend to rise and interfere 


TABLE II—CHARGE BURDEN 





Item wt. Cc Wt. Mn Wt. Si We. P 8 
Spring steel....... 4,650 0.90 41.9 0.50 23.3 0.20..... 0.04 0.04 
Borings steel... ... 5,200 0.50 26.0 0.50 26.0 0.20..... 0.04 0.04 
Forge flashings 1,000 0.20 2.0 0.40 4.0 0.20..... 0.04 0.04 

Charge......... 10,850 0.65 69.9 0.49 53.3 0.20 21.7 0.04 0.04 
Ceiestetet a 0.0 NI dnt nae “awit whaahs 6o4 %hGiie « 
Ferromanganese ae ee, See Oe SO BP BR cae cece. 
Ferrosilicon....... 465 0.3 PF = ae ey _ 2  & Been ee 

Total charge.... 12,025 3.20 383.9 1.84 221.3 2.14 255.8 0.04 0.04 

Final metal..... J. YY eee 2 7 2.25 ..... 0.06 0.016 

Melting loss... . 





with the slag after the metal has been melted. We 
charged the coke first, then a coating of lime (180 Ib.), 
enough to make one-half of our slag, or 14 per cent of 
the charge. Old spring steel was charged next, then the 
borings, and the forge flashings on top to give a good 
contact. As the charge melted down and the electrodes 
dug holes, they were filled with the remainder of the 
forge flashings. 


FURNACE LOG 


9:55 a.m. Current on. 

12:00 m. Melted down, and all scrap knocked off side 
walls. During above period the rest of the slag, or another 
14 per cent of the charge, added around the electrodes. This 
slag is now foaming slightly and powders white on exposure 
to the air. 

12:05 p. m. First metal test taken. Poured flat into 
sand mold. When black, quenched in water and broken. 
Fracture shows clear, white iron. This sample could be 
drilled only a small amount. Analysis: Carbon 2.48 per 
cent, manganese 0.27 per cent. Quite a few pieces of the 
old electrodes floating on bath were raked off, and an 
equivalent amount of finely ground coke added. 

12:30 p. m. 100 Ib. more lime added to bath, together 
with 32 lb. of ground fluorspar. Slag tests powdering white 
and giving off a very strong odor of acetylene. 

2:00 p. m. Second metal test taken. Showed clear white 
and was too hard to drill. 140 lb. ferromanganese added. 

2:15 p. m. 300 Ib. ferrosilicon added. Test taken showed a 
po? | close-grained gray iron, which was still too hard to 

rill. 

2:30 p. m. 70 lb. ferromanganese and 165 Ib. ferro- 
silicon added. Test showed a very fine gray iron, rather 
close — Drilled easily, but was apparently very 
tough from the high manganese. Analysis: Cashes 2.85 per 
cent. Added about 50 lb. of finely ground coke and kept 
rabbling this into metal for 4 hour. 

3:00 p.m. Trapped. Final test gave an excellent appear- 
ing gray iron, hot and running well in the pig bed. 


These pigs were then taken to the iron foundry, re- 
melted in a cupola and made into ingot molds. While 
the phosphorus and sulphur increased 0.12 and 0.07 
respectively in the cupola (see Table I), these molds 
stood up better than any we had ever had. The origina! 
high-phosphorus molds averaged 30 heats, molds from 
purchased bessemer iron averaged 70 heats, while molds 
from synthetic iron made as above described averaged 
110 to 130 heats. These molds no doubt would have 
stood up even better had they been cast directly from 
the electric furnace, thus eliminating the pick-up of 
phosphorus and sulphur from the cupola. 

The economic possibilities of this process here on the 
Pacific Coast are great. In districts where blast fur- 
naces are common there is not much need to worrs 
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about the supply of availab!e pig iron, but here it is a 
different matter, especially when freight rates and time 
of delivery are considered. During 1920 the average 
cost of pig iron laid down in Sacramento was $45 per 
net ton. Of this cost $22.40 was for freight alone. Add 
to this the cost of coke and the other incidental expenses 
for remelting in the cupola, and then compare this sum 
to the cost of molten electric furnace iron, which we 
figure is less than $25 per ton. 

If cast-iron borings could be obtained, the expenses of 
melting would be even less, due to a saving on ferro- 
alloys, together with lower melting costs. The most 
logical method would be to annex a molding floor to the 
steel plant and pourcast directly from the electric fur- 
nace. A heat cf cast iron could be poured and then a 
heat of steel, making the one furnace do the work of 
several, as at present. In addition, the castings would 
possess high quality ; the metallurgist is enabled to meet 
any specification with ease; and the plant can handle 
scrap impossible to melt in any other way, since the pos- 
sibilities for refining are not to be excelled. 


A New Dye Standardizing Machine 


HE importance of satisfactory mixing and stand- 

ardizing equipment in the dye industry is not likely 
to be overestimated. That the manufacturers produce 
dyes which can be safely guaranteed as to strength 
and color is one of the fundamental requirements of 
the consumer. The selection of the machine to be used 
for this purpose, therefore, demands the very careful 
consideration of the manufacturer. One type of mixer, 
which has recently been developed by the Stevens- 
Aylsworth Co. of New York, has a number of 
interesting features. It combines the principle of the 
mechanical agitator with the tumbling action of a 
revolving drum. The latter feature prevents the accu- 
mulation of any quantity of unmixed material in the 
space that must necessarily exist for the clearance of 
the revolving agitator in the stationary type of mixer. 
The accompanying figures will perhaps be of value in 
explaining the principles and operation of this machine. 




















FIG. 1—MIXING MACHINE SET UP FOR TEST RUN 

The agitators are in the form of two opposed helical 
spirals which toss the materials about inside of the 
drum, moving them from the ends of the machine 
toward the center. As they throw the material past 
the center in each case, the materials in the center are 
forced to the ends, thus thoroughly blending all parts 
of the mixture. 

The vanes are made of. flat plates which cut through 
the material and roll it over on itself on its way to the 
center and they also in each revolution force some of 
the materials from the bottom up to the top. 

In addition to the revolutions of the vanes the drum 
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itself revolves, but in the opposite direction from the 
vanes—that is to say, if the vanes revolve clockwise, 
the drum revolves counter-clockwise. 

In the operation of this machine, as well as in all 
other machines in which there are agitators, there is a 
tendency for the material to adhere to the ends and sides 
of the drum, but as the latter revolves these materials 
will fall back into the mix when the drum has brought 
them up to the top. Furthermore, the slight vibration 
of the machine will assist in shaking off the materials 
adhering to the sides. 

The loading and unloading of the mixer are practically 
dustless operations and it has been found possible to 














FIG. 2--INTERIOR AGITATING MECHANISM OF MIXER 


unload into barrels for shipment a charge of over a ton 
in less than 13 minutes. 

The small openings shown on the sides of the ma- 
chines are for taking out samples of the mix. These 
small openings can be placed in various positions around 
the periphery of the drum and if desired also on the 
ends. At a specified time samples are taken from 
various parts of the mix and submitted to the dye 
application laboratory for test to determine whether 
they are up to standard. If so, the mixer is then 
unloaded. 

During the loading of this machine the stirrers or 
vanes may be kept in motion while the drum is held 
stationary until all of the materials are charged. After 
the mix has been brought to the proper standard the 
drum is stopped and by continuing the revolution of 
the paddles the machine completely empties itself. 
Since these spiral vanes overlap each other, any por- 
tion of the mix which might lag behind one vane is 
immediately picked up by the succeeding vane and 
moved toward the center, thus emptying the machine 
completely. 

The various openings into the machine for loading, 
unloading and for taking out samples are carefully 
fitted and are flush with the interior, thus eliminating 
pockets into which the material could otherwise lodge 
and escape the action of the paddles. 





Recovery of Potash Frem Weol Washing 


A small wool washer for recovering potash from 
fleeces in a solution of sufficient concentration to make 
the recovery of the potash profitable has been designed 
and is being tried out by the Bureau of Chemistry. It 
is said that the average fleece contains about 4 per cent 
of potash by weight, but in the ordinary method of 
washing wool it comes out in such dilute solution that 
it does not pay to recover the salt. 

About 600,000,000 lb. of wool is scoured in the 
United States each year, and if only 3 per cent of 
potash is recovered it would amount to 18,000,000 Ib. 
of actual potash that would be available for use in 
fertilizers. 
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Secretary of War Transmits Recent Offer for Nitrate Plants and Water-Power to Congress with 
Business Analysis of Ford’s Proposal and His Recommendations—Modified Proposal of jan. 
13, 1922, More Advantageous to the Government Than the First Offer—Original Text 





suggestions were made to me by those interested in the 

development of the power plant and navigation at Muscle 
Shoals that I should recommend to Congress that an appro- 
priation be made to complete Dam No. 2 (Wilson dam). 
In response to such suggestions I stated that when a pro- 
posal was made which would assure the government a rea- 
sonable return on at least the additional money required 
to complete the project, and an effective use of the develop- 
ment for commercial purposes, I would send it to Congress, 
as the power to dispose of these plants is vested in that 
branch of the government. 


Forp’s First PROPOSAL 


Gives after I assumed the duties of Secretary of War 


On July 8, 1921, in consequence of this statement and of 
some negotiations with the Chief of Engineers, United 
States Army, Henry Ford presented a proposal in writing, 
in which he offered a fixed annual rental of $1,200,000 for 
Dam No. 2 and its power plant and appurtenances, such 
rental to commence 6 years after the installation of equip- 
ment capable of producing 100,000 hp., and a rental of 
$200,000 to be paid annually during the first 6 years of the 
lease. On proposed Dam No. 8 he offered a fixed annual 
rental of $480,000 commencing 3 years after 80,000 hp. 
should be developed, and $160,000 per annum for the first 
3 years of the lease period. Provision was made for certain 
upkeep charges and payments to be made toward a sinking 
fund estimated to be sufficient to amortize approximately 
$48,000,000 of the cost of the dams. Under this proposal 
the United States was to undertake the completion of Dam 
No. 2 and the construction of Dam No. 3. This offer was 
conditioned upon the United States selling to Mr. Ford 
Nitrate Plants Nos. 1 and 2, the Waco Quarry and its equip- 
ment and the Gorgas-Warrior steam plant and transmission 
line and appurtenances, all for the price of $5,000,000. 

The cost of completing the two dams is estimated by the 
Chief of Engineers to be, at this time, in round figures, 
$50,000,000. Consequently, I did not believe that the pro- 
posed rental was an adequate return on the government’s 
proposed investment, and suggested that Mr. Ford modify 
his offer so that it would be based upon an annual payment 
equivalent to a rate of interest on the total cost to the 
government completing the projects. On Jan. 13, 1922, 
Mr. Ford presented to me a proposed modification of his 
previous offer, by which he agreed to undertake the con- 
struction and completion, at actual cost and without profit, 
of the work referred to in his offer of July 8, 1921, and 
when completed and ready for operation he offered to pay 
the United States as annual rental of the property an 
amount equal to 4 per cent of the total cost of such con- 
struction. ; 

At my suggestion Mr. Ford placed in one instrument his 
offer as modified, which was signed by him on Jan. 25, 1922, 
and delivered to me on Jan. 27, and which I have the honor 
to transmit herewith for such action as Congress may deem 
appropriate. 

MODIFIED PROPOSAL 


In brief, Mr. Ford offers to undertake the completion of 
Dam No..2 and the construction of Dam No. 3 according 
to the government’s plans, for which he shall be reimbursed 
the actual cost, and to lease the dams and power plants at 
an annual rental equivalent to 4 per cent of the cost to the 
government of completing Dam No. 2 and constructing Dam 
No. 3 (exclusive of the cost of acquiring lands and flowage 
rights necessary for Dam No. 3). The rentals of 4 per cent 
are to commence, respectively, in 6 years after Dam No. 2 
has been completed to the point where equipment for 100,000 
hp. is installed and ready for service, and 3 years after the 
equipment to develop 80,000 hp. is installed and ready for 





service at Dam No. 3. In the meantime, during the 6-year 
and 3-year periods, respectively, he offers to pay upon Dam 
No. 2 an annual rental of $200,000 and on Dam No. 3 
$160,000. 

His offer places upon the United States the responsibility 
for repair and maintenance of the two dams other than the 
power houses, which power houses and electrical equipment 
he agrees to maintain at his own expense in efficient operat- 
ing condition. As compensation to the United States for 
the repair and upkeep of Dam No. 2 and locks he offers 
to pay the sum of $35,000 annually, and of Dam No. 3 and 
lock the sum of $20,000 annually. He also agrees to fur- 
nish electricity for operating the locks at each of these 
dams without charge to the government, and in addition he 
agrees to pay the sum of $23,373 semi-annually, for the 
purpose of building up a sinking fund to return to the 
United States at the end of the lease period, a sum of 
money which he estimates if invested at 4 per cent will be 
approximately $49,000,000. 

As a condition of this offer he asks that the United States 
sell to him Nitrate Plants Nos. 1 and 2, the Waco Quarry 
and the Gorgas-Warrior steam plant, with all appurte- 
nances, for the sum of $5,000,000, payable $1,000,000 down 
and the balance in annual installments of $1,000,000 each, 
with 5 per cent interest on deferred payments. As a further 
consideration to the government he agrees to operate Nitrate 
Plant No. 2 at the approximate present annual capacity 
of its machinery and equipment in the production of nitro- 
gen and other fertilizer compounds throughout the lease 
period, and to maintain it in its present state of readiness, 
or its equivalent, for immediate operation in the manufac- 
ture of materials necessary in time of war for the produc- 
tion of explosives. He further agrees that the fertilizer 
produced at Nitrate Plant No. 2 shall not be sold at a 
profit in excess of 8 per cent of the actual annual cost of 
production thereof, and to turn over to the United States 
Nitrate Plant No. 2 whenever it shall be required for the 
national defense. He likewise asks for a preference in op- 
portunity to purchase or lease the property at the end of 
the lease period and for the right, for a period not stated, 
to be supplied with electric power at reasonable rates in an 
amount equal to his average consumption during the pre- 
vious 10 years, in case the plant is operated and his com- 
pany does not purchase or lease it. He also states that 
his proposal must be accepted as a whole and not in part. 

In order that you may the more readily understand just 
what Mr. Ford is proposing to buy and to lease I shall 
state briefly what has occurred in connection with govern- 
ment development at Muscle Shoals and the character of 
the government-owned property there. 


DESCRIPTION OF PROPERTY INVOLVED 


Without going into the preliminary history in connec- 
tion with the proposals for the development and improve- 
ment of the Tennessee River, which might, if necessary, 
be traced to the year 1827, it is deemed sufficient for present 
purposes to invite attention to the letter over the signature 
of the Secretary of War, dated June 28, 1916, and printed 
as Document H.R. 1262, Sixty-fourth Congress, First Ses- 
sion, transmitting, with a letter from the Chief of Engi- 
neers, reports on preliminary examination and survey of 
Tennessee River between Browns Island and the railroad 
bridge below the City of Florence, wherein is contained a 
full discussion of Dam No. 2, now known as the Wilson 
Dam, and the proposed Dam No. 3, referred to by Mr. Ford 
but as to which no construction work has yet been under- 
taken. The commencement of construction work on the Dam 
No. 2 resulted from the authority contained in Section 124 
of the national defense act of June 3, 1916 (39 Stat. 166, 
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215, under which the President, in a letter dated Feb. 23, 
1918, authorized the construction of said dam, as a result 
of which allotments have been made at various times 
amounting to $17,159,610.42 for its construction. The total 
expenditures on Dam No. 2 have been $16,251,038.14; the 
greater part of the balance unexpended will be required to 
meet payments on contracts for power machinery for the 
dam. A large construction camp has been built, a railroad 
track laid to the site, complete construction plant assembled, 
and the dam itself approximately 30 per cent completed.’ 


WaTER POWER PROPERTY 


Dam No. 2, when completed, will have a total length of 
4,267 ft., of which 2,890 ft. is a spillway section, 1,221 ft. 
will be the power house section and 156 ft. abutments and 
approaches. The height of the dam above present low water 
is 95 ft., including crest gates 18 ft. in height. The total 
height from the bottom of the excavation for the founda- 
tions to the roadway on top of the dam will be 132 ft. There 
have been no expenditures on Dam No. 3, which is located 
14.7 miles upstream from Dam No. 2. Dam No. 2, when 
constructed, will render 14.7 miles of Muscle Shoals naviga- 
ble, while Dam No. 3 will overflow the remaining portion 
of the rapids and will improve conditions of navigation 
for a distance of 63 additional miles. The present esti- 
mates of the Engineer Department for the completion of 
both Dam No, 2 and Dam No. 83 is $50,000,000. Engineers 
for Mr. Ford have presented a lower estimate, but Mr. Ford 


has not seen fit to guarantee the construction for this lower 
figure. 


NITRATE PLANT No. 1 


Situated about 6 miles southwest from Dam No. 2, at 
Sheffield, Culbert County, Ala., adjacent to the city and 
along the Tennessee River, is United States Nitrate Plant 
No. 1, constructed by the United States during the war 
under an agreement with the General Chemical Co., ap- 
proved by the Secretary of War on June 14, 1917, for use 
of its process, and at a total cost of $12,887,941.31. The plant 
was built under the supervision of the Ordnance Department 
of the Army to produce 22,000 tons of ammonium nitrate 
per annum, using the direct synthetic ammonia (modified 
Haber process) of the General Chemical Co. The details 
of the process were not sufficiently perfected, however, and 
the plant proved unsuccessful in a test operation. The 
construction of the plant was started from an appropriation 
contained in the national defense act of June 3, 1916, and 
completed from appropriations made for the national se- 
curity and defense, armament of fortifications and ordnance 
service. The total acreage of land embraced within the 
plant site is approximately 19,000 acres. The plant is now 
in an idle standby condition, with part of the land leased 
for farm purposes. The cost of maintenance during the 
fiscal year 1921 was $75,506.42. 


NITRATE PLANT No. 2 


At Muscle Shoals, Culbert County, Ala., 4 miles north- 
east of Nitrate Plant No. 1 and 2 miles distant from 
Dam No. 2, is located’ United States Nitrate Plant No. 2. 
This plant was constructed under contract with the Air 
Nitrates Corporation for the production of munitions of 
war under contract dated and executed June 8, 1918, at a 
total expense, including Waco Quarry, of $67,555,355.09. 
The plant was built for an estimated capacity of 110,000 
tons of ammonium nitrate per annum, using the cyanamide 
process of the American Cyanamid Co. The plant was 
successful in a 2 weeks’ test operation with one-fifth of the 
plant in use, during which time 1,700 tons of ammonium 
nitrate were produced, as well as 2,200 tons of cyanamide 
not converted. The cost of building said plant was paid 
oui of the appropriation for armament of fortifications and 
ordnance service. The plant site, not including Waco 
Quarry, embraces 2,306 acres acquired at a cost of $237,711. 
The plant is now in an idle standby condition, except the 
80,000 kw. power plant located thereon, which was leased, 
together with a transmission line, to the Alabama Power 


see CHEM. & MET. ENG., Feb. 1, 1922, p. 230, for picture showing 
prvsent condition of dam construction 


*See Cue. & Met. EnG., Feb. 1, 1922, p. 231, for picture show- 
ine dam and Plant No. 2. 
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Co. under the provisions of the act of July 28, 1892 (27 Stat. 
321) by an instrument dated Nov. 17, 1921, but revocable at 
any time. The cost of maintenance of said plant for the 
fiseal year 1921, including Waco Quarry, was $201,674.63. 


Waco QUARRY 


Situated about 20 miles south of Plant No. 2 in Franklin 
County, and 5 miles southeast of Russellville, Ala., is 
located what is known as Waco Quarry, acquired by the 
United States in connection with the operation ef Nitrate 
Plant No. 2, embracing an area of 460 acres, acquired at 
a total cost of $52,962.88. This quarry has a crushing 
plant sufficient to produce 2,000 tons of crushed and sized 
limestone per day. The total cost of said quarry, including 
buildings and plant, was $1,179,076.80, included, however, 
as an element of the total cost of Nitrate Plant No. 2. The 
plant is now in an idle standby condition and a portion 
of the land is leased for farm purposes. 


GorGAS PowER PLANT 


Situated about 88 miles southeast of Nitrate Plant No. 2, 
in Walker County, Ala., is located what is known as the 
government-owned Warrior steam plant at Gorgas, Ala. 
This plant was constructed under contract with the Ala- 
bama Power Co., dated Dec. 1, 1917, on land owned or 
acquired by the said company. It was built in the vicinity of a 
coal mine with a view to using coal direct from the mines. It 
has a capacity of 30,000 kw. and the electric power produced 
at said plant is carried over a transmission line extending 
a distance of about 88 miles to Nitrate Plant No. 2, to 
furnish power for the operation of said plant. The total 
cost of the plant was $4,979,782.33. It was built and paid 
for from appropriations for armament of fortifications. 
This property is now being operated as a part of the Ala- 
bama Power Co.’s system on a rental basis as provided 
for in the contract for the consideration thereof, and during 
the calendar year 1921 netted the government approximately 
$75,000. 


OPINION OF JUDGE ADVOCATE GENERAL 


Some question was raised in my mind as to the binding 
effect of certain provisions appearing in the contract for 
the construction of Nitrate Plant No. 2 by the Air Nitrates 
Corporation and in the contract for the construction of the 
Gorgas-Warrior steam plant and transmission lines by the 
Alabama Power Co., which purported to give said compa- 
nies options to purchase under certain conditions, but I 
have submitted these questions to the acting Judge Advocate 
General, who is of the opinion that at the time these con- 
tracts were made there was no authority to sell said prop- 
erties and hence no authority to give an option for the 
purchase of same. He holds that as the Constitution vests 
in Congress the sole power to dispose of and make all need- 
ful rules and regulations regarding the property of the 
United States, and Congress not having authorized the 
Secretary of War to sell the same, the plenary power to 
dispose of such property still rests solely in Congress. The 
acting Judge Advocate General has also held that the pro- 
vision contained in section 124 of the national defense act 
directing that the plant therein authorized be operated 
solely by the government and not in conjunction with any 
other industry or enterprise carried on by private capital 
is applicable to the plant as a whole and is a restraint 
upon its sale. This construction, if justified, would prevent 
the lease or rental of the plant for private operation. The 
solution of the numerous legal questions involved naturally 
occasioned more or less delay in the consideration of the 
proposals. 


Arr NITRATES CORPORATION OPTION TO Buy 


In this connection I may say that the Air Nitrates Cor- 
poration has notified me in writing that it claims the right 
to exercise the option which it claims to have under the 
terms of its construction contract to purchase Nitrate Plant 
No. 2 on as favorable terms as those offered by Mr. Ford 
for the property, should the United States determine to 
accept Mr. Ford’s offer. The Alabama Power Co. may make 
a similar claim in regard to the Warrior plant and line. 

To briefly summarize Mr. Ford’s offer for the above prop- 
erties the considerations running to the government are: 
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(a) Four per cent on part of the capital necessary to 

complete the construction of the power projects; (no 
interest is proposed to be paid upon that part of the 
government's investment which goes to pay for lands 
and flowage rights for Dam No. 3, which item is esti- 
wanes by the engineers to exceed $2,000,000 in probable 
cost. 
_ (6) The payment of a sum semi-annually into a sink- 
ing fund calculated to produce about $49,000,000 at 
the end of the lease periods. This payment amounts to 
$46,746 annually. In other words, Mr. Ford proposes 
to pay approximately $49,000,000 at the end of the lease 
period provided the government has been able to invest 
his payments at 4 per cent per annum. 

(c) Mr. Ford proposes to pay $35,000 a year for the 
upkeep of Dam No. 2 and its locks and the sum of 
$20,000 a year for the upkeep of Dam No. 3 and its 


lock. These payments are expected to meet the ordi- 
nary upkeep expense with which the government is 
charged. r. Ford assumes the responsibility for up- 


keep and repair of the power houses and equipment so 
that ultimately such equipment is expected to be turned 
back to the government in approximately as good con- 
dition as when received. 

(d) The proposal requires Mr. Ford’s company to 
operate Nitrate Plant No. 2 to its approximate present 
capacity, which is estimated to be a production of 
110,000 tons of ammonium nitrate per annum, and to 
sell such material at a price not to return a net profit 
in excess “of 8 per cent of the actual annual cost of 
production.” 

(e) Mr. Ford’s company is to maintain Nitrate Plant 
No. 2 in its present state of readiness for immediate 
operation for the production of explosives and is to turn 
it over to the government, together with such of its 
personnel as may be required for the national defense. 

(f) The government will be saved the expense of 
maintaining and operating the present imperfect facil- 
ities for navigation at Muscle Shoals amounting to from 
$35,000 to $85,000 per annum. 


ADVANTAGES TO GOVERNMENT IN LAST PROPOSAL 


There are a number of advantages to the government in 
the present proposal that were not apparent in the first 
offer. Mr. Ford’s original proposal of July 8, 1921, con- 
tained two paragraphs dealing with the matter of amorti- 
zation of the cost of construction of the two dams. The 
first of these paragraphs was numbered 2 and reads as 


follows: 

At the beginning of the seventh year of the lease 
period, and annually thereafter, the company will pay 
to the United States a sum not greater than $39,537 
to retire, during the remaining period of 94 years, the 
total cost of the Wilson Dam and its power house, sub- 
structures, superstructures, machinery and appliances, 
including locks, all taken at $40,000,000; the sinking 
fund investments to bear the highest rate of interest 
obtainable, but not less than 4 per cent per annum. 

The other paragraph was numbered 7 and reads as fol- 
lows: 

At the beginning of the fourth year of the lease 
period, and annually thereafter, the company will pay 
to the United States a sum not greater than $7,010) 
to retire, during the remaining period of 97 years, the 
total cost of Dam No. 3 and its power house, substruc- 
tures, superstructures, machinery and appliances, in- 
cluding lock, all taken at $8,000,000; the sinking fund 
investments to bear the highest rate of interest obtain- 
able, but not less than 4 per cent per annum. 

In the present proposal the subject of amortization is 
covered in one paragraph, numbered 10, which reads as 
follows: 

For the purpose of enabling the government to create 
and provide a sinking fund to retire the cost of Dam 
No. 3 at the end of 100 years, the company will, at the 
beginning of the fourth year of the lease period and 
semi-annually thereafter for the remaining term of the 
lease, pay to the United States Government the sum 
ef $8,505; and for the purpose of enabling the govern- 
ment to create and provide a sinking fund to retire the 
cost of Dam No. 2 at the end of 100 years, the company 
will, at the beginning of the seventh year of the lease 
period and semi-annually thereafter for the remaining 
term of the lease, pay to the United States Government 
the sum of $19,868. 

It will be observed that the provision for amortization in 
the last proposal is very much more favorable to the United 
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States than it was in the offer of July 8, 1921. By the 
earlier proposal the maximum amount which the govern- 
ment could realize from the payments made by Mr. Ford 
at the end of the lease periods would be not to exceed 
$48,000,000 ($40,000,000 in the case of Dam No. 2 and $8.- 
000,000 in the case of Dam No. 3). The annual payments 
were in no case to exceed the amounts stipulated, which 
are the same as in the present proposal as in the former 
proposal, but the former proposal contemplated a reduction 
in amount of annual payments to correspond to the excess 
over 4 per cent interest which might be earned by the sink- 
ing fund, whereas under the present proposal the annua! 
installment for amortization is to be paid regardless of the 
rate of interest earned by the fund. Therefore, if the 
United States should be able to invest the money at a higher 
rate of interest than 4 per cent the sinking fund at the end 
of the lease periods would amount to very much more than 
$48,000,000. This may be best shown by the accompanying 
table :* 





AMOUNT RETIRED BY MR. FORD'S SINKING FUND AT VARIOUs 
RATES OF INTEREST (COMPOUNDED SEMI-ANNUALLY 


Life of 




















Semi- of 

Account Annual Tund Amount Retired at Following Interest Rates 

of Payments (Years) —————_-_——-_—_—__ — 
4 Per Cent 44 Per Cent 4} Per Cent 
Dam No. 2..... $19,868 94 $40,919,798 $48,783,949 $58,319,359 
Dam No. 3. 3,505 97 8,152,137 9,786,054 11,780,6°0 
Total $49,071,935 $58,570,003 $70,100,049 
= 5 Per Cent 6 Per Cent 
Dam No, 2.. $19,863 94 $83.718,097 $176,030,810 
Dam No. 3 3,505 97 17,150,545 37,103,880 
Total.. $100,868,642 $213,134,699 





Should the dams be constructed at a cost of not to exceed 
$42,000,000, as estimated by Mr. Ford’s engineers, there 
would be left to apply on the investment of the government 
heretofore made whatever the amortization payments would 
produce in excess of the $42,000,000. If the amortization 
fund should be invested continuously at 4 per cent there 
would be at least $7,000,000 to be thus applied, but should 
it be invested at a greater rate of interest the amount wou! 
be increased as shown by the table. 


RENEWAL OF LEASES 


The provision for renewal of the lease which was con- 
tained in the proposal of July 8, 1921, was numbered 11, 
and reads as follows: 

At any time prior to the expiration of said lease 
period of 100 years the company shall have the right 
to negotiate with the government for a renewal of the 
leases for the two above dams, their powerhouses, etc. 
In the event of disagreement as to terms of the renewal, 
the United States and the company shall each appoint 
an arbitrator, and these arbitrators shall choose a third. 
The decision of the arbitration board of three shall be 
final and binding upon both parties. 

The effect of this provision was to bind the United States 
to a renewal of the lease for 100 years on such terms as 
should be determined to be just by a board of arbitration. 
Under the new proposal the renewal clause is contained 
in paragraph 17, which reads as follows: 


In order that said company may be supplied with elec- 
tric power and the farmers with fertilizers after the 
termination of the said 100-year leases, should the 
United States elect not to operate said power plants but 
determine to lease or dispose of same, the company 
shall have the preferred right to negotiate with the 
United States for such lease or purchase and upon such 
terms as may then be agreed upon. If the said leases 
are not renewed or the property covered thereby is not 
sold to said company, its successors or assigns, an) 
operation or disposal thereof shall not deprive the com- 
pany, its successors or assigns, of the right to be sup- 





*‘Payments are to be made into sinking fund semi-annually 4! 
the beginning of each semi-annual interest poe This sink née 
(or retirement) fund has nothing to do with Mr. Ford's inter:st 
payments, but represents a separate fund to be invested at '!i¢ 
highest interest rate obtainable for the purpose of returning t° 
the government within the lease period the largest amount possi!'|". 
with the above semi-annual payments, consistent with safe inv: -'- 
ment. 
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he plied with electric power at reasonable rates and in of Ordnance showing the cost and estimated salvage value 
¥ amount equal to its needs, but not in excess of the of these properties. From the table contained in this state. 
: ae amount used by it annually during the previous ment it will be seen that these properties cost the United 
+ of pin iy States approximately $85,000,000 and that as scrap they are 
‘ is paragraph does not bind the United States to re- estimated to be worth $8,812,000. However, the last column 
= newal of the lease and is in no way an attempt to control of the table in Exhibit “A” indicates that the Chief of 
ich the policy of Congress beyond the 100-year period of the Ordnance believes the War Department can dispose of the 
ler present lease, except to preserve to Mr. Ford’s company property for $16,272,000. Mr. Ford is bound by his proposal 
~ “the preferred right to negotiate with the United States 5 operate Nitrate Plant No. 2 but there is no legal obstacle 
k. for such lease or purchase and upon such terms @s may to prevent his disposing of the other properties to which he 

then be agreed upon.” It also attempts to preserve for the ets title. Should he be able to obtain what the Chief of 
1a! company a right to be supplied with electric power for a . eae 3 a gma 
~~ sited Gah etnked “ah ‘dahandelin cahdl” te ‘a creak te Ordnance estimates that the government can secure for the 
we P - various items—namely, $3,000,000 for the Warrior plants, 
« power plants are operated or disposed of to someone other which have an installation of 40,000 hp., and $600,000 
+ than the company. for Nitrate Plant No. 1 and dispose of the Warrior-Muscle 
an OBLIGATION FOR MAINTENANCE RESTS ON Mr. Forp Shoals transmission line, as a transmission line and not as 
ng In Mr. Ford’s offer of July 8, 1921, no provision was ‘¢T@P» for $675,000, and should he obtain $357,000 for the 


made except possibly by inference, as to who should bear the Waco Quarry, he would have left the Nitrate Plant No. 2 


expense of renewals, repairs and maintenance on the power 
houses, machinery and appliances which will be erected 
and installed in connection with the dams. Paragraphs 4 
and 8 of the present proposal impose the obligation upon 
Mr. Ford’s company of making such renewals and repairs 
and effecting such maintenance at its own expense. These 


with its 80,000-hp. steam plant at a cost to him of less than 
$400,000. The interest on the proceeds of such possible 
sales would amount to a very large sum during the term 
of the proposed contract. The present revenue from rental 
of the power plant at Nitrate Plant No. 2 is a minimum of 
$120,000 per annum with a possibility that, in event of 


operation, it may run to $260,000. The cost of maintenance 


= a - : e.-. 
provisions impose upon Mr. Ford a considerable obligation. of Nitrate Plant No. 2 was approximately $200,000 during 
60 LESSOR TO CONSTRUCT the fiscal year 1921. The total horsepower developed by 
20 Under the first proposal the United States was to under- the three steam plants to which Mr. Ford will get title is 
ant take the building of the dams and power plants, but under 125,000, which practically doubles the all-season or primary 
oo the present offer Mr. Ford’s company is to do the construc- horsepower to be developed at Dam No. 2 (approximately 


500,000 of the horsepower that is to be developed at Dam 
No. 2 will not be available 365 days in the year). 


CONGRESS Must DECIDE 


— tion work in accordance with plans and specifications pre- 
pared or approved by the Chief of Engineers. 

The proposal of July 8, 1921, contained no provision for 
a termination of the leases in case of default. Paragraph 


ed : : I h as I am without authority in law to accept Mr 
‘ 18 of the present proposal applies substantially the same naeneen 65.2 ° y 2S a 
a provisions to Mr. Ford’s proposed leases as are contained in Ford’s offer or dispose of the property = S whole, either 
: the present water-power act. by sale or by lease, it is peculiarly the province of Congress 
om Paragraph 19 of the present proposal, except the first to weigh the considerations which will pass to the respective 
me sentence thereof, has no counterpart in the original proposal P&tties to the proposed arrangement, and to determine 
1d of July 8, 1921. The new matter reads as follows: whether or not the advantage to the government in having 
id Upon acceptance, the promises, undertakings and Nitrate Plant No. 2 maintained in readiness for the manu- 


facture of explosives and in actual production of fertilizer, 


obligations shall be binding upon the United States, 
and jointly and severally upon the undersigned, his 
heirs, representatives and assigns, and the company, 
its successors and assigns; and all the necessary con- 
tracts, leases, deeds and cther instruments necessary 
or aonere to effectuate the purposes of this pro- 
posal shall be duly executed and delivered by the 
respective parties above mentioned. 


ASSURANCE OF CONTRACT’S EXECUTION 


Apparently this is an attempt on Mr. Ford’s part to 
express a personal obligation to assure the performance of 
the contracts which are to be made by the company which 
he is to organize. It might be contended that this language 
is susceptible of a construction to the effect that Mr. Ford 
is personally bound only to see that his company enters into 
the contracts required to carry out the terms of the proposal, 
and this point should be cleared up so that there can be 
no question as to its proper construction. There should 
be some assurance that the contracts made by the proposed 
company will be carried out or some penalty imposed for 
failure to perform. 


Must MAINTAIN PLANT No. 2 


In the event Mr. Ford’s proposal is accepted, the govern- 
ment must make new appropriations amounting to $40,000,- 
000 to $50,000,000, of which Mr. Ford will have the benefit 
for approximately 100 years at 4 per cent. The company is, 
of course, bound to keep Nitrate Plant No. 2 in a condition 
to produce explosives, which, as a matter of preparedness, is 
of great value to the government, as no doubt a plant fully 
organized and in production would be available far sooner 
than one maintained merely in standby. Nevertheless Mr. 
Ford is offering but $5,000,000 for the title to the two nitrate 
plants, the Waco Quarry, the Gorgas-Warrior steam plant, 
transmission lines and appurtenances. That you may the 
better understand the value of the property for which Mr. 
Ford is offering this $5,000,000 I am attaching to this letter, 
as Exhibit “A,” a brief statement prepared by the Chief 


together with the improvement to navigation, is of sufficient 
importance to justify the proposed departure from the 
present policy of the law in regard to dealing with the 
water-power resources of the nation and to warrant leasing 
to Mr. Ford government property for so long a period at the 
rental proposed. 


MODIFICATIONS OF OFFER SUGGESTED 


If Mr. Ford’s proposal be accepted by Congress I suggest 
that there should be certain modifications made to safeguard 
the government’s interest. As heretofore stated, there 
should be some assurance that the contracts made by his 
proposed company will be carried out. 

I also suggest that the cost of acquiring the lands and 
flowage rights necessary for Dam No. 3 should be included 
in the sum upon which Mr. Ford is to pay 4 per cent interest 
as rent. The omission of the cost of these lands from this 
computation is more serious than would be the omission of 
the provision for a sinking fund, for the annual interest at 
4 per cent on the cost of such lands and rights if used for 
that purpose would amortize a sum much larger than that 
provided for in paragraph 10 of Mr. Ford’s proposal. 

In case the proposed company sells any or all power de- 
veloped at either or both of these dams it should be required 
to do so under terms and conditions imposed by the Federal 
Power Commission or the Public Service Commission of 
Alabama in the manner required of other power companies. 

I believe it would be better policy to limit the contract to 
a term of 50 years to conform to the established policy of 
the Federal Government as set out in the water-power act. 
In my opinion a contract such as that proposed for a period 
of 100 years is not a wise general policy in view of the 
unknown possibilities surrounding water power develop- 
ments and the probability of changes which may be made, 
especially in the transmission of power. 

While paragraphs 4 and 8 of the present proposal provide 
that Mr. Ford’s company is to pay to the United States 
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annually the sum of $35,000 on Dam No. 2 and $20,000 
on Dam No. 3 for repairs, maintenance and operation of 
the dams, gates and locks, Congress may well consider 
whether it would be more desirable to have Mr. Ford main- 
tain the property and omit these payments. 


WILSON DAM SHOULD BE COMPLETED 


If Mr. Ford’s proposal be not accepted it is my opinion 
that Dam No. 2 (Wilson Dam) should be completed by the 
government and that the power requirements for com- 
mercial purposes, the benefits to navigation, as well as the 
possible needs of the government, would warrant this ex- 
penditure. If this were done the government may itself 
undertake to sell the product to the best advantage. In 
such case the amount of the government’s present proposed 
investment would be very materially reduced, because Dam 
No. 3, costing from $18,000,000 to $25,000,000, would not 
be built. At Dam No. 2 it would not be necessary to make 
the full installation of power plant until the market should 
require such installation. This partial installation would 
effect a saving of present investment.in at least the sum 
of $3,000,000, leaving, according to the Chief of Engineers’ 
estimate, not to exceed $22,000,000 to be invested by the 
government at this time instead of $40,000,000 to $50,000,- 
000. The analysis made by the Chief of Engineers (hereto 
attached as Exhibit “B’”’) shows a loss in excess of $15,000,- 
000 due to delay in the receipt of returns from rentals. 
Such a large loss would hardly be justified in case the invest- 
ment is to ultimately bear but 4 per cent interest if there 
were not other considerations which are beneficial to both 
the government and the people of that vicinity. 


Witt Hevp LABor SITUATION 


At this time when there is a large amount of unemploy- 
ment it is not without importance to consider the advantage 
to the nation of the employment of the large amount of 
labor required in undertaking this development. I there- 
for urge that Congress give early consideration to this 
matter not only to settle a controverted question but to 
furnish employment on a large scale. 


Chief of Ordnance’s Opinion 


In summarizing the Ford offer from the standpoint of 
the Ordnance Dept., Major-General Williams states that 
acceptance has the very important advantage of materially 
assisting in the development of nitrogen preparedness and 
has the disadvantages of conflicting with the contractural 
obligations with the American Cyanamid Co. and the Ala- 
bama Power Co. and of making a net return to the govern- 
ment of less than $5,000,000 for properties which have an 
estimated salvage value of some $16,000,000. 

The difference, $11,000,000, appears therefore to be the 
price which the United States is paying for nitrogen pre- 
paredness. If the plant is diverted to any purposes which 
do not include nitrogen fixation, this asset is lost to the 
government. 


Chief of Engineers’ Opinion 


Major-General Lansing H. Beach summarizes the indirect 
benefits accuring to the United States on acceptance of the 
offer to be as follows: 

(a) The maintenance of a nitrate plant in readiness 
for a war emergency. 

(b) The production, in the interest of the public 
welfare, of large amounts of fertilizer at a cost not 
exceeding the reasonable cost of production, providing 
that the production of nitrate adapted to fertilizing 
purposes is found to be practicable. 

(c) The elimination of the cost of maintaining and 
operating the present imperfect facilities for navigation 
at Muscle Shoals, amounting to from $35,000 to $85,000 
per anhum. 

(d) The advantage to interstate commerce and 
navigation of the far superior facilities to navigation 
that will be secured through the construction of the 
dams and locks. 

The funds that have been expended on Dam No. 2 
have not been included in the analysis, for the reason 
that neither the acceptance nor the rejection of Mr. 

Ford’s offer would restore any substantial portion of 
them to the public treasury. If Dam No. 2 be not 
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completed, either by Mr. Ford’s company, the United 
States, or otherwise, the work done will be wholly 
without value within a brief period of years, and the 
only recovery possible from the investment already 
made will be the scrap value of such machinery as can 
be —— of, too small in amount to affect the present 
analysis. 


Rate Relief on Basic Commodities Urged 
by Hoover in Railroad Statement 


The statement of Secretary Hoover to the Interstate 
Commerce Commission on Feb. 3, in which he laid before 
the Commission what is believed to be the Administration’s 
idea as to how railroad rates may be reduced without serious 
injury to the carriers, is of interest alike to producers and 
consumers of chemical and metallurgical products. Mr. 
Hoover’s statement was studiously prepared and it is 
believed that his recommendations will be given careful 
consideration by the Commission. 

In advocating reductions in rates on basic commodities, 
a view that President Harding has maintained, Mr. Hoover 
treated the whole subject from a point of view of full 
sympathy for the railroads and the fundamental dependence 
of the country on railroad transportation. He urged reduc- 
tion of railroad operating costs and restoration of credit so 
that the railroads might expand. 

“One thing is absolute,” declared Mr. Hoover, “Our trans- 
portation facilities are below the needs of our country, and 
unless we have a quick resumption of construction, the 
whole community—agricultural, commercial and _ indus- 
trial—will be gasping from a strangulation caused by 
insufficient transportation the moment that our business 
activities resume. For the past 5 years, we have had no 
consequential expansion to our railway transportation 
machine. 





RAILROAD CONSTRUCTION NECESSARY 


“I wish to emphasize that unless we can have an imme- 
diate resumption of construction and equipment, our com- 
mercial community will pay treble the cost of the whole of 
them in their losses of a single season. The very moment 
that we reach anything like normal business we shall see 
a repetition of car shortages, followed by an increase in 
the cost of coal to the consumer from $1 to $3 a ton; we 
shall again see premiums of 20 cents a bushel for the use 
of cars for moving grain; we shall in fact see a shortage 
of commodities to the consumer; and we shall see gluts 
upon the hands of the producers. We shall see factories 
filled with orders again closed for lack of cars; we shall 
see large intermittency in employment; and we shall see 
the usual profiteering in commodities due to a stricture 
between the producer and consumer. 


URGEs FREIGHT RATE REDUCTION 


“If I were to discuss the rates charged today I should 
say at once that a decrease in passenger rates is not nearly 
so vital to the community as freight rates, for passenger 
rates do not enter into the ‘spread’ in proportion to the 
relative volume of earnings. If I were examining the freight 
rates, I should at once say that coal, metals, wood and 
agricultural and other producers’ goods should be reduced 
to the bottom before less than carload lots and class rates 
are touched. 

“I would be willing to go even further and say that I 
am convinced that even if the Commission cannot at the 
present moment justifiably reduce railway incomes a single 
dollar, it is warranted in investigating the possibility of 
some relief to the more distressed commodities by a revision 
of some rates upward. There is perhaps no great field for 
changes in this direction, but it is worth inquiry. ‘As men- 
tioned above, an economic analysis of our industry wil! 
show that less than carload lots and class rates are far 
too low compared to the rates on primary commodities. 

“With the gradual return of the traffic to normal, with 
decreased operating costs, relief in rates will be available. 
and it would be an economic crime to apply such relief by 
horizontal reductions to all rates, thus giving relief to 
higher priced goods and travel, when the vital mainspring 
of our economic life, our agriculture and fuel and metals 
are choked.” 
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Pechaieal. News of the Week 


Current Events in the Chemical, Metallurgical and Allied Industrial Fields—Legislative 
Developments—Activities of Government Bureaus, Technical Societies and Trade Associations 
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Industrial Developments of the Week 

Glass. The Macbeth-Evans Glass Co., Elwood, Ind., has 
started up eight additional furnaces at its plant, giving 
employment to an increased working force. 

The American Window Glass Co., Farmers’ Bank Build- 
ing, Pittsburgh, Pa., with plant at Arnold, Pa., is operatng 
at about 60 per cent capacity, with expectation of early in- 
crease. 

Leather. The Standard Kid Co., Wilmington, Del., has 
resumed operations at close to full capacity, with production 
totaling about 750 dozen skins per day. 

The Liberty Morocco Co., Wilmington, Del., has recently 
resumed production at its plant. 

The Martin Leather Co., Wilmington, Del., is operating 
at close to regular capacity at its local plant. 

Cement. The Lehigh Portland Cement Co., Ormrod, Pa., 
has resumed production at its Mill F, following a period of 
inaetivity. The company is planning for the early reopening 
of its Mill D, in the same vicinity. 

The Coplay Cement Mfg. Co., Coplay, Pa., is arranging 
for the immediate resumption of manufacture at its Mill C, 
following an idle period. 

Rubber. The Electric Hose & Rubber Co., Wilmington, 
Del., is maintaining capacity production at its local plant, 
and has orders on hand to insure continuance at this rate 
for several months to come. 

Powder. The du Pont Powder Co., Wilmington, Del., 
will increase production at its plant at Carney’s Point, 
N. J., to handle an order received from the Argentine Gov- 
ernment for 1,000,000 lb. of smokeless powder, insuring 
a high rate of manufacture at the plant for a number of 
months to come. 

Oil. The Fort Worth Cotton Oil Co., Fort Worth, Tex., 
has reopened its plant at Niles City, near Fort Worth, fol- 
lowing a period of curtailment, giving employment to about 
sixty men. 

Tin. The Fallcon Tin Plate Co., Niles, Ohio, has resumed 
operations at its mill at Canton, Ohio, formerly the plant of 
the Carnahan Tin Plate & Sheet Co. é 

The American Sheet & Tin Plate Co., Sharon, Pa., has 
placed additional hot mills in operation at its Mercer works, 
putting the plant on a full capacity basis. The company 
has also resumed full operations at its plant at Farrell, Pa. 

The American Can Co., Chicago, IIl., is operating eighteen 
of its nineteen plants in this section, despite the fact that 
this normally is a low production period. About 10,000 
workers are employed. It is expected to increase production 
considerably during the next 60 days. 

Tron and Steel. The Bethlehem Steel Co. has placed an- 
other open-hearth furnace in operation at its Steelton, Pa., 
works, effective Jan. 30. 

The Republic Iron & Steel Co., Youngstown, Ohio, is 
operating two merchant bar mills at its plant following 
an extended shut-down. 

The Allegheny Steel Co., Brackenridge, Pa., has reopened 
four hot mills at its local plant, following a suspension of 
about a year. 

The Newton Steel Co., Newton Falls, Ohio, has all of the 
ten hot mills in operation at its local plant. 

Miscellaneous. The Newport Tar & Turpentine Co., Pen- 
sacola, Fla., has resumed operations after a shut-down of 
over a year. 

Following a shut-down since December, 1920, the Grasselli 
Chemical Co. is arranging for the early resumption of 
operations at its plant at Terre Haute, Ind., giving employ- 
ment to about 450 men. Production will be concentrated 
upon metallic zinc. A coal mine is now being opened by the 
company in this district to be used exclusively for company 
plant service, with capacity of about 1,000 tons per day. 
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The Peet Brothers Co., Kansas City, Mo., manufacturer 
of soaps, is operating its plant at close to normal, giving 
employment to the regular working force. 

The Corn Products Refining Co., Kansas City, Mo., has 
commenced filling the elevators at its new plant at North 
Kansas City, which has been in course of construction for 
about a year past, and will place the works in full operation 
at once. 





Finance Committee Hearing Shows Sentiment 
Favoring American Valuation 


It is generally believed by those who attended the special 
tariff convention of the National Association of Manu- 
facturers in Washington, Jan. 30 and 31, that the American 
valuation plan will be indorsed by the Senate Finance 
Committee. 

The delay on the part of the Finance Committee in 
agreeing to the plan laid down in the bill passed by the 
House of Representatives has been due to the determined 
opposition of two Republican members of the committee. 
This was revealed when delegations of manufacturers called 
on the Senators’ and Representatives of their respective 
states. The names of the two Senators who are held to 
be responsible for the delay were not disclosed. 

The gathering of several hundred manufacturers from 
all parts of the country demonstrated that there is little 
division of opinion among them as to the necessity for 
levying the ad valorem duties on American prices. This 
opinion is so universally held from the fact that manu- 
facturers generally believe that no equitable foreign value 
can be arrived at with currencies in a jumble and with 
opportunities favoring more than ever the undervaluation 
of foreign-made goods. 

The convention listened with careful attention to a 
detailed statement by H. E. Miles, of Racine, Wis., who 
appeared in opposition to American valuation. 


UNDERVALUATION BY FOREIGN PRODUCERS 


One of the most significant features of the convention 
was the establishment beyond any reasonable doubt that 
undervaluation and fraud are practiced to a very con- 
siderable extent by many foreign producers. The testimony 
of men who have first-hand information in this connection 
was convincing on that point. Among the others who 
brought out that phase of the situation was William 
Burgess, of the United States Tariff Commission. He told 
of several trips which he had made abroad to investigate 
fraud in the valuation of commodities intended for sale 
in the United States. The extent of undervaluation “went 
far beyond my anticipation or greatest guess,” he said. 

“The great body of the importers,” continued Mr. Burgess, 
“is just as honest as the great body of manufacturers, 
but one dishonest importer can have a very demoralizing 
influence. He can import his goods, valuing them at a 
price that will demoralize the other importers and compel 
them either to go out of business or to follow his example. 
I have made six trips to different parts of Europe and 
another to the Orient to look into the matter of valuation. 
I was made to realize the impossibility of finding true 
foreign market values. On one trip I developed the fact 
that I could not get a wedge into any information for 2 
months after my arrival. Afterward I found that it was 
on account of a ring, tied up with certain officials of our 
own government, who had advised the manufacturers on 
the other side that I was coming over and to look out for 
me. I had a commission from one of the largest houses 
in this country to make such purchases for their account 
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as to establish a true wholesale selling value abroad. The 
man who was honestly endeavoring to find out the prices 
and purchase the goods for me. was boycotted. Orders 
were issued from New York to see that he got no more 
goods. Every manufacturer in that line in France, in 
Germany, in Holland and in Belgium refused to sell him 
goods. He was ruined financially.” 

Walter Camp, of Connecticut, in the course of his re- 
marks said: “This is the Garden of Eden. This is the 
place where they all want to come. This country is the 
place where they want to fish and they want us to cut bait. 
Do not be deceived by those who are interested in telling us 
that we must have a big export trade now that our fac- 
tories are so expanded. Do not follow false counsel and 
let those who give it come in behind you and take the 
domestic trade which constitutes 90 per cent of vur business, 
while you are chasing poor credit customers who consume 
10 per cent of our output.” 

It was contended that the American valuation plan is 
only a form of administration and has nothing to do with 
rates. It was declared repeatedly that it is the only re- 
course against fraudulent valuations and is absolutely 
necessary to break up the practice of manufacturers who 
ship their goods to themselves in this country. If a 
manufacturer invoices goods to himself he can value it 
at nearly any price that he may choose, it was declared. 


IMPOSSIBLE TO GET FOREIGN VALUES 


One of those who spoke told: how the Board of Ap- 
praisers at New York had sent a highly qualified agent to 
Germany in an effort to get the proper value of the 
German product. He went to the manufacturing town and 
endeavored to get the value. His presence was discovered 
and both the mayor and the chief of police advised him 
to leave the town as soon as possible. In fact he was 
followed through the streets and was branded as an 
American spy. He was denied all information. This was 
cited as characteristic of the difficulty in establishing values 
in a foreign country. 

Herbert J. Wynne, of Rochester, N. Y., told of a trip he 
made to Germany last October. Out of 400 first-class 
passengers, 300 were men headed for Germany to buy 
anything they could buy. One of the passengers confided 
to Mr. Wynne that he had a letter of credit in his pocket 
for $250,000 and he expressed the hope that he would be 
able to spend every cent of it in Germany. “You know 
y$u get very intimate on shipboard,” said Mr. Wynne, “and 
I was told more tricks than I ever believed existed. I 
was told how to cheat the United States Government and 
particularly how I could cheat the German Government.” 

Mr. Miles, who appeared in opposition to American valu- 
ation, pointed out that it would take a duty of 500 per cent 
to protect some specialties, as, for example, the cutlery 
industry, and that it would be necessary to cut loose for- 
ever from England, our greatest buyer; from Canada, our 
second greatest buyer, and from all the peoples with whom 
we fought in the war. “Prices of 329 different articles 
retailed in stores increased 260 per cent from 1914 tc 
1919,” Mr. Miles said. Under American valuation the 
tariff would go up 260 per cent. He urged that the tariff 
be handled so that the people will respect it and not turn 
on it and force it down to an unreasonable level. 





Rochester Section, A.C.S., Hears Chemical History 


“The Chemical Awakening of America” was the topic 
of an address delivered before the Rochester Section of 
the American Chemical Society, Jan. 23, by W. J. Hale, 
director of the research laboratory of the Dow Chemical 
Co. To show how America has reached her present place 
in the science Dr. Hale traced briefly the history of chem- 
istry from the early Egyptian efforts through the suc- 
cessive eras to the present time. He pointed out that 
Germany awakened in 1875 to the need for quality pro- 
duction, but that it took the world war to arouse England 
and America to the importance of quality as well as 
quantity production, a fact which is responsible for the 
present keen competition from German goods. 
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Plea for Reduction of Freight Rates Advanced 
by Manufacturing Chemists’ Association 


The Manufacturing Chemists’ Association has adopted 
resolutions calling for a percentage reduction in freight 
rates by the Interstate Commerce Commission. _ 

In hearing fertilizer interests in its investigation of the 
rate situation, the Commission was requested by these 
interests to make a 25 per cent reduction in the rates on 
fertilizer materials and on the complete fertilizer. It 
was argued that fertilizer is a necessity in the agricultural 
industry and the lower freight rates would increase pro- 
duction and thereby reduce prices. 

The Manufacturing Chemists’ Association requested the 
Commission to make a horizontal reduction in the rates 
the same as they had been increased, applying to all classes 
and commodities. It was pointed out that in the last 5 
years the freight rate increases applying to fertilizer and 
its materials when compounded represented an advance of 
more than 100 per cent over the rates prior to 1916. 





Agricultural and Fertilizer Interests Record 
Opposing Views on Muscle Shoals 


The sentiments of those favoring the acceptance of the 
Ford offer for the Muscle Shoals plant are epitomized in 
a reaolution adopted by the National Agricultural Con- 
ference, the text of which follows: 

To accomplish results without any further delay 
whatsoever, we urge the Secretary of War to recom- 
mend and the Congress to accept Henry Ford’s pro- 
posal to take over the hydro-electric power and air- 
nitrate plant at Muscle Shoals, under a guarantee to 
operate same for 100 years at its present capacity of 
approximately 100,000 tons of ammonium nitrate per 
annum, opening the Tennessee River to navigation, 
cheapening the production of fertilizer, metals and 
other commodities, and assuring the United States 
nitrogen independence in peace or war. 

Charles H. MacDowell, president of the National Fertilizer 
Association, in opposing the resolution endeavored to 
make clear the basis of the opposition of the fertilizer 
industry. “Inasmuch as this resolution specifically refers 
to the fertilizer industry,” he said, “and as the press has 
recently stated that the impression prevails in certain 
quarters that the fertilizer industry was maintaining a 
lobby to prevent development of the Muscle Shoals projects, 
it is only fair for me to state that the fertilizer industry 
is opposing some of the features connected with this 
matter, but that it is doing so openly over its own name 
in the publicity it has disseminated, and I also am now 
speaking openly that there may be no doubt that our 
opposition is above board and entirely proper. 


QUESTIONS SOUNDNESS OF ACCEPTING FORD PROPOSAL 


“The fertilizer industry, as far as I know its position, 
is in favor of the development of navigation on the Ten- 
nessee River and the construction of a hydro-electrical 
plant, providing it is carried out along sound engineering 
and financial lines. It does, however, question the sound- 
ness of the suggestion that large sums of government 
money be utilized in developing a project to be leased at 
an unknown rate of return on the final cost, when the 
total capital expended is for the benefit of an individual 
over a period of 100 years or more, as against the 50-year 
limitation of the national water-power bill. It feels that 
it is not fair that an individual should be given a monopoly 
on the use and sale of this electric power over that period, 
permitting him to profit largely in the disposal of the 
power to farmers, to small town and city consumers and 
giving him a power production cost on his own industrial 
activities so low that he would be placed in position to 
compete unfairly in the markets of the country, not only 
on fertilizer, but on other basic productions, as against 
those industries operating on their own capital and at 
materially higher cost. 

“There has been much talk about the production of this 
plant, and the word ‘nitrates’ is generally used. The farmer 


when thinking of nitrates has in mind ‘nitrate of soda, 
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a product which comes from Chile. 
not make nitrate of soda, nor would its operation do away - 
with the necessity for nitrate of soda in agriculture and 
for other purposes, inasmuch as it has its own peculiar 


This plant would 


value. The credits derived by Chile from its sale are also 
their dollars to buy flour, meats, boots; shoes and the 
Yankee notions from the United States. The product which 
the plant was designed to make, and I ‘am. quite familiar 
with its development, was ammonium nitrate, a high ex- 
plosive, very concentrated, absorbing moisture, difficult to 
handle, and not generally suited for fertilizer manufacture. 

“While the capacity of the nitrate plant at Muscle 
Shoals is large, the 100,000 tons it is proposed to manu- 
facture there would provide nitrogen in the grade of 
fertilizer best suited for cotton and general production 
for from three to four million acres of land. The territory 
adjacent to Muscle Shoals and which could be served from 
that point now has under the plow something like seventy- 
five million acres. It is evident that a wide distribution 
from that point could not be secured. 

“The product which normally would be made at Muscle 
Shoals is sulphate of ammonia. During the war the United 
States Government financed the building of a number of 
byproduct coke plants, so that the ammonia production in 
this country increased from something like 250,000 tons 
to 550,000 equivalent. Only 135,000 tons of this was used 
by agriculture in 1920, and the manufacturers have been 
forced to find foreign markets in competition with the 
world for 130,000 tons in 1920, in which year they carried 
over 40,000 tons. It does not seem to the fertilizer in- 
dustry that it is good economics to make a product at 
labor and material expenditure which is already largely 
overproduced. : ue 

“The fertilizer industry does not make sulphate, of am- 
monia. It is a buyer of this product, so that this proposed 
production is not directly competitive with the fertilizer 
industry. 

“The fertilizer industry feels that the operation of the 
nitrogen-fixation plant at a time when there is such a 
serious overproduction is not sound. 

“This is the position of the fertilizer industry, openly 
announced.” 





Society Offers Practical Aid to Glass Research 


For the purpose of encouraging research work on 
glass the research committee of the Glass Division of the 
American Ceramic Society has made arrangements for 
providing glass of desired composition and desired form 
for investigators in this field. The material will be 
supplied free of charge and no limitations as to the nature 
of the research will be imposed. The recipients of the 
material will be under no obligations except that of publi- 
cation of the results of their investigations. 

Persons who are interested are requested to address 
their inquiries to one of the following members of the 
committee on research: E. C. Sullivan, Corning Glass 
Works, Corning, N. Y.; E. W. Washburn, University of 
Illinois, Urbana, Ill.; R. B. Sosman, Geophysical Laboratory, 
Washington, D. C. 





Metallurgy Course Organized by Steel Society 


Under the auspices of the Detroit, Mich., Chapter of 
the American. Society for Steel Treating, a class in ele- 
mentary metallurgy has been started at the local Cass tech- 
aical high school. The first session was held on Jan. 31, 
and the classes will meet hereafter every Tuesday evening 
until next June. The work will consist of special studies, 
recitations and lectures. 





_ 


Society for Steel Treating Changes Meeting Plans 

The American Society for Steel Treating has changed 
the plans for its sectional meeting in New York on March 
3, which will be held in the Hotel McAlpin instead of at 
the Engineering Societies’ Building as previously announced. 
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Chemical Laboratory for Brown University 


Plans have been entirely completed and bids taken for 
the erection of a new chemical laboratory at Brown Uni- 
versity, Providence, R. I. The building will be three-story 
and basement, brick and fireproof construction, 50 x 224 ft. 
It is expected to commence work at an early date. Day & 
Clauder, Philadelphia, Pa., are architects for the structure, 
and French & Hubbard, Boston, Mass., engineers. 
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F. C. CLARK has resigned his position as manager of the 
industrial paper section of the American Writing Paper 
Co., Holyoke, Mass., to become manager of the Pejempscot 
Paper Co., at Brunswick, Me. Previous to his connection 
with the sales department, Mr. Clark was for 2 years head 
of the department of technical control of the American 
Writing Paper Co. In recognition of his services to the 
Connecticut Valley Section of the Technical Association of 
the Pulp and Paper Industry he was tendered a dinner and 
presented with a set of golf clubs by his fellow members. 


MorTIMER E. CooLey, dean of the University of Michigan, 
is about to embark on a tour of the country in the interest 
of fostering unity among engineers. Dean Cooley is presi- 
dent of the American Engineering Council of the Federated 
American Engineering Societies and is striving to bring 
the concerted efforts of American engineers to bear on the 
problems of elimination of waste in industry, the establish- 
ment of a national department of public works, Patent Office 
reform and superpower development. 

ELwoop HAYNES, metallurgist and president of the Haynes 
Automobile Co., Kokomo, Ind., was elected to honorary 
membership at the recent convention of the American 
Society for Steel Treating, Indianapolis, Ind. 


CHESTER H. JONEs has resigned his position as Industrial 
Editor and has been appointed Western business represen- 
tative in the Chicago territory for CHEMICAL & METAL- 
LURGICAL ENGINEERING. His headquarters will continue to 
be in the Old Colony Building, Chicago, Ill. This transfer 
is in line with the policy of CHEMICAL & METALLURGICAL 
ENGINEERING to improve its technical service to advertisers 
and readers alike. 

Dexter S. KIMBALL, dean of Cornell University and 
president of the American Society of Mechanical Engineers, 
will visit the Pacific Coast in May to promote closer har- 
mony between engineers of the East and West in the 
attainment of engineering ideals. 

CHARLEs H. SMITH has resigned his position as chemical 
engineer with the Chemical Warfare Service at Edgewood 
Arsenal to accept a chemical engineering position in the 
development department of the Goodyear Tire & Rubber Co., 
Akron, Ohio. 

HENRY TRAPHAGEN, consulting metallurgist of the Toledo 
Steel Castings Co., Toledo, Ohio, gave an interesting address 
before the members of the Detroit (Mich.) chapter of the 
American Society for Steel Treating at its January meeting, 
on the subject of “Fatigue of Steel.” 

ERNEST T. TricG, Philadelphia, Pa., head of John Lucas 
& Co., paint manufacturers, and president of the National 
Paint, Oil and Varnish Association, was a guest of honor 
at a banquet given by the Pittsburgh (Pa.) Paint, Oil and 
Varnish Club, Jan. 20, at the local Chamber of Commerce 
Building. His address was on “A Great Industry Realizing 
Its Opportunity.” 

ALAN G. WIkorr, Assistant Editor of CHEMICAL & 
METALLURGICAL ENGINEERING, has been transferred to the 
Chicago office as Industrial Editor, succeeding Chester H. 
Jones, who has been transferred to the business department. 

E. D. WINKWORTH, president of the Semet-Solvay Co., 
has been elected president of the Solvay Process Co., suc- 
ceeding E. L. Pierce, who resigned on Jan. 31. Mr. Pierce 


also resigned his place as one of the vice-presidents of the 
Allied Chemical Co. 
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Twenty-nine years of fruitful professional life and with 
nearly as many more which he could easily have counted 
upon! And yet today we record the passing of CHARLES 
BASKERVILLE! 

It is doubtful if many chemists have been more widely 
known. It has been the writer’s experience never to have 
mentioned Dr. Baskerville’s name to a fellow chemist at 
home or abroad and have it received as that of one unknown. 

The audience of a chemist is large. He deals in matters 
so vital to the everyday person and in facts so stimulating 
to the imagination that whenever one of our profession 
wishes to speak he receives a respectful hearing. Dr. 
Baskerville often had a message, and he spoke it so well that 
it went far and reached many. In addition, who ia our circle 
has had a kindlier personality or was more of a man among 
men? One of his greatest pleasures was making and hold- 
ing friends. One of the college group who have been doing 
what they could to help during these last few days said to 
the family, “We are merely the visible ones who represent 
almost an army anxious to help.” Surely, his friends are 
a host. 

If we look over his field of work, we are impressed with 
his versatility; he has written, in all, 186 papers. His first 
appeared in 1893 in the Journal of Analytical and Applied 
Chemistry and was entitled “Rapid Methods for the Estima- 
tion of Phosphorus in Titaniferous Ores.” 

It was in no limited field that he worked. Some of us 
prefer atomic weights, others do marvels in delicate 
analysis, and a lesser aumber are more interested in refining 
oil or developing a new electric furnace compound. His 
taste, however, made him interested in all branches. In his 
earlier years we find him investigating analytical methods, 
but if a list of his papers be consulted, it will be seen that 
since then he has shown his interest in almost every branch 
of chemistry. The following fields received special atten- 
tion: Vegetable and mineral oils and their refining; lead 
coating; atmospheric pollution; oil shales; paper manufac- 
ture and the recovery of paper stock; textile fibers; rare 
earths; radio-activity; anesthetics; utilization of surplus 
munitions (war gases). 

In addition to his many recorded papers, there is a pack- 
age a foot high to which he used to casually refer as “unpub- 
lished research.” 

His books are: 

“School Chemistry and Key,” 1898, B. F. Johnson. 

“Radium and Radio-Active Substances, Their Applica- 
tion Especially to Medicine,” 1905, Williams, Brown & 
Earle. 

“General Inorganic Chemistry,” 1909, D. C. Heath. 

“Laboratory Exercises to Be Used With General Inorganic 
Chemistry” (with R. W. Curtis), 1909, D. C. Heath. 

“Municipal Chemistry” (Editor), 1911, McGraw-Hill Co. 

“Course in Qualitative Chemical Analysis” (with L. J. 
Curtman), 1910, Macmillan. 

“Progressive Problems in General Chemistry,” 1910, D. C. 
Heath (with W. L. Estabrooke). 

“Anesthesia” (with J. T. Gwathmey), 1914, Appleton. 

Charles Baskerville was born on June 18, 1870, at Deer 
Brook, Miss. His father was Charles Baskerville, his 
mother Augusta Louisa (Johnston). He studied at the 
University of Mississippi, 1886-87; University of Virginia, 
1888-90; Vanderbilt University 1891; University of North 
Carolina, B. S., 1892, Ph.D., 1894; Berlin University, Ph.D., 
1893. In 1895 he married Mary Boylan Snow. He was 
instructor 1891-94, assistant professor of chemistry, 1894- 
1900, professor of chemistry 1900-04 at the University of 
North Carolina. From 1904 to the time of his death on 
Jan. 28, 1922, he was professor of chemistry and director of 
the chemical laboratories, College of the City of New York. 

His wife, his son, Charles, and his daughter, Elizabeth, 
survive him. ; 

He was a member of the Chemists’ Club, American 
Chemical Society, Society of Chemical Industry, Société de 
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Chimie Industrielle (vice-president of New York Section), 
Century Club, Engineers’ Club, American Institute of 
Chemical Engineers, American Association for the Ad- 
vancement of Science, American Electrochemical Society 
(chairman, New York Section), Washington Academy of 
Sciences, N. C. Academy; New York Academy of Sciences 
and a Fellow, London Chemical Society. He was also chair- 
man of the committee on occupational diseases in the 
chemical trades, A.C.S., and of the American Committee on 
the Ramsay Memorial Fund, and was a member of the 
committee on atmospheric pollution, American Institute of 
Chemical Engineers. 

The writer is very glad to have this opportunity to record 
what many others must have experienced for themselves. 
In 17 years of close professional association, I have been 
with one of the most loyal friends, one whose personality 
so pervaded every part of our department, that even his 
passing has not removed his spirit from among us. 

H. R. Moopy. 


GeoRGE R. CominGs, U. S. assayer at the United States 
Assay Office, New York City, died on Tuesday, Jan. 17, at 
his home, 51 Quincey St., Brooklyn, N. Y., after being in the 
government service 48 years. Funeral services were held on 
Thursday evening, Jan. 19, and burial the following morn- 
ing in Greenwood Cemetery. He was born in Cos Cob, 
Conn., June 2, 1860, received his education in New York 
City schools and obtained degree in chemistry from Cooper 
Union. Mr. Comings entered the Assay Office at the age of 
thirteen and worked under Dr. Torrey, the first assayer in 
the history of the office and who was succeeded by his son, 
Herbert G. Torrey, Mr. Comings succeeding the latter on 
Nov. 1, 1910. He had been in poor health since an illness of 
6 weeks last summer. On Jan. 2, at the Assay Office, he 
suffered an attack of heart trouble which confined him to 
his home until the time of his death. Besides his widow he 
leaves one daughter, two sisters and one brother. 

Georce C. SyYKEs, secretary of the Lehigh Portlan( 
Cement Co., Allentown, Pa., died at his home in that city, 
Jan. 23, at the age of forty-nine years. 
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Our Foreign Trade in 1921 


Official figures recently announced by the Department of 
Commerce confirm the prediction that'our total foreign trade 
in 1921 would show a larger percentage reduction than in 
any single year in the history of the country. The com- 
bined imports and exports, which had reached the peak 
value of 13.5 billion dollars in 1920, fell to less than 7 bil- 
lion during the past year. This represents a decline of 45 
per cent in exports and 52 per cent in imports as compared 
with 1920. 

The excess of our exports over imports in 1921 had an 
approximate value of $1,976,000,000. As will be noted from 
the figures in the accompanying table, our favorable trade 
balance has shrunk to less than one-half that of 1919. How- 
ever, it is still considerably above the pre-war average. 
Furthermore, during 1921 we imported gold and silver in 
excess of our exports to the extent of more than $679,000,000. 
This further reduces our net balance of exports of mer- 
chandise, gold and silver to $1,297,000,000. In 1919 the 
corresponding figure was $4,457,000,000. 








TABLE I—COMPARISON OF IMPORTS AND EXPORTS OF 
MERCHANDISE, 1913-1921 


(Figures ‘n millions of dollars) 


Exports Imports Excess Exports 


os $2,484 $1,793 $691 
1914 2,11 1,789 325 
1915 3,555 1,77 1,776 
1916 5,483 2,392 3,091 
4. ee 6,231 2,952 3,279 
1918..... 6,149 3,031 3,118 
1919 7,920 3,904 4,016 
1920 8,228 5,278 2,950 
1921 4.485 2.509 1,976 











The contraction in the value of both imports and exports 
appears to have extended to practically every great group 
of commodities. The National City Bank has pointed out 
that the imports of raw materials show a decline of 53 per 
cent in total value, foodstuffs 63 per cent and manufac- 
tures 43 per cent. The relatively smaller decrease in manu- 
factures is probably to be explained by the activity of im- 
porters bringing in manufactured goods in anticipation of 
the enactment of a higher tariff. On the export side, raw 
materials fell off 48 per cent, foodstuffs 33 per cent and 
manufactures 51 per cent. 

The primary cause of this tremendous reduction is prob- 
ably the word-wide fall of. prices. The import value per 
unit of quantity is in many cases only about half the cor- 
responding figure for the preceding year. Crude rubber, 
for instance, averaged 34c. per lb. over 1920 and only 14.3c. 
during the past year. Cattle hides entered at 19.3c. in 1920 





CHEMICAL & METALLURGICAL ENGINEERING’S 
WEIGHTED INDEX OF CHEMICAL PRICES 
Base = 100 for. the year July 1, 1913, to June 30, 1914 


ee SS 6 068 Vis Oded 147.33 
DEB be. wine vie Oe 144.60 
memewmmer, LOSE oo. cece 166 
February, 1920 ........ 252 
April, 1918 (high) ..... 286 
April, 1921 (low) ...... 140 


The continued rise in the price of linseed and cotton- 
seed oils caused the rather unusual increase in this week's 
index number. Slightly lower prices for sulphuric, hydro- 
chloric and citric acids, caustic soda, caustic potash. and 
soda ash were not of sufficient weight to counterbalance 
the upward trend of the index number. 











and 11.9c. in 1921. In the chemical schedule equally strik- 
ing examples may be noted. The import value of oxalic 
acid, the first on the list, fell from 34c. to 14.5c. per lb., fusel 
oil from 22.6c. to 18.6c., crude potassium chloride from $105 
to $66.50 per ton, and the crude sulphate from $154 to $65. 


CHEMICAL IMPORTS AND EXPORTS 


Our “chemical trade balance,” however, has shown a 
slight improvement in 1921 as compared with 1920. In 
both years, however, the balances were “unfavorable”’—that 
is, our imports of chemical products were in excess of our 


TABLE II—A COMPARISON OF IMPORTS AND EXPORTS OF 
CHEMICAL PRODUCTS 


Excers of 
Exports Imports Exports 

1914... $27,079,092 $94,519,912 —67,440,920 
60S... 46, 380,986 79,273,398 —32,892,412 
1916.. 124,478,474 109, 155,705 15,322,769 
1917.. 187,890,822 124,800,762 63,090,060 
1918... 180,318 954 151,832,065 28,486,889 
1919... 133,739,066 126,048,538 7,690,528 
1920... 168,999,706 211,528,099 ~42, 528,393 
1921.... 61,111,293 95,603,912 ~34,492,619 








exports. This of course was the condition that existed 
prior to the war, but for the 4-year period 1916 to 1919 
our export trade in chemicals quite materially exceeded 
our imports. 

The detailed statistics for the principal chemical products, 
as given in Tables LII and IV, show that in general the 
quantities decreased as well as the values. The imports of 
“chemicals, drugs, dyes and medicines” entering free of 
duty fell from $145,585,995 to $66,767,678. The dutiable 


TABLE III—IMPORTS OF CHEMICAL AND RELATED PRODUCTS, BY 
PRINCIPAL COMMODITIES, 1920 AND 1921 








—_— 1920 —— ——— 1921 _ 
Quantity Value Quantity Value 
Chemicals, drugs, dyes and 
medicines: 
Acids (except coal-tar acids) — 
icky nkes . Ib. dut 1,858,141 631,238 1,256,320 184,487 
All othe It J free 26,843,262 1,153,517 10,180,050 353,833 
PE GED.» «> >» EST as 4,450,093 2,901,359 4,974,390 1,126,631 


Ammonia, muriate of, 
or sal ammoniac... .lb. .dut 6.755,171 708,204 4,618,275 271,398 
Argols, or wine lees..... . Ib. .dut 35,577,388 4,464,998 16,087,934 1,176,546 
Arsenic, and sulphide 
of, or orpiment.... .Ib. . free 8,160,089 684,016 6,686,570 531,322 
Calcium, acetate of, 
chloride of crude, car- 
bide and nitrate... .lb. . free 82,489,270 3,209,650 84,750,243 3,440,019 
Coal-tar products— 
Group |, crudes— 


Acid, carbolic...... Ib. . free 192,692 19,848 214,185 22,849 
Benzene....... ... lb. . free 486,619 10,868 1,722,085 42,370 
OO Se 10,318,070 901,381 3,353,882 253,886 
Dead or creosote oil gal . free 18,427,152 3,796,399 33,239,432 4,756,618 
Naphthalene.......Ib..free 15,012,171 530,221 4,495,796 135,941 
Tar and pitch, coal.. bb] . free 20,681 50,162 21,968 48,048 
Pies 6c éy cee init a AP ee : 
All other. . ve free ; ae 204,381 ... aoe 21,718 
Group 2, intermediates....dut  ....... : DE venacedos 356,865 


Group 3, finished prod- 
ucts—Alizarin and 











alizarin dyes... Ib. .dut 441,756 343,519 375,112 510,038 
Colors or dyes....... .Ib. .dut 3,486,873 $5,258,802 3,106,355 $4,445,348 
Im ‘ed from— 

jermany..... , séce 1,155,501 1,565,300 1,050,628 1,718,776 

Switzerland...... een 1,372,490 2,693,653 1,504,970 2,005,265 

United Kingdom...... . eat 346,078 394,892 290,877 360,553 

Other countries. mal 612,804 604,957 260,480 360,754 

Indi 
, ee 152,204 305,428 «52,489 «85,695 
Synthetic......... Ib. .dut 766,422 481,292 408,262 200,903 
Total coal-tar products...... ......... 12,985,277 ......... 11,225,688 


Fusel oil, or amylic al- 

cohol, and butyl 

alcohol... .. Ib. .dut 3,887,403 879,206 1,046,434 195,511 
Glycerine, crude Ib. .dut 22,411,025 2,934,371 2,806,758 397,366 
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~ TABLE III (Continued) 
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-IMPORTS OF CHEMICAL AND RELATED 


PRODUCTS, BY PRINCIPAL COMMODITIES, 1920 AND 1921 


Chemicals, drugs, dyes and 
medicines: 


Camphor— 
Crude, natural. . . lb. .dut 
Refined and synthetic. dut 
Iodine, crude or resub- 
ies caécueued ... lb. . free 
Casein... oa ae ae 
Lime, chloride of..... . Ib. .dut 
Lime, citrate of. . Ib. .dut 
Magnesite, not puri- 
fied ton free 


Potash (see also Fertilizers) — 
~~ of, includ- 


i or black 
atelier ; lb. . free 
cha ead lb. . free 

Hodnats of, containing 

not more than 15 

cent of caustic soda.lb.. free 

Nitrate of, or saltpeter 
crude. Ib. . free 
All other Ib .dut 

Soda— 

Cyanide of lb. . free 
Nitrate of tons. .free 
Allother salts of......{ {ree 
nt 


Sulphur or brimstone tons free 
Sumac. . 


Vanilla beans Ib. dut 
All other chemicals, . free 
drugs, dyes, eto dut } 
Total chemicals, erngs, { free 
dyes, and medicines } dut 
Fertilizers-— 
Ammonia, sulphate of tons. free 
Caleium cyanamid or 
lime nitrogen.... .tons. . free 
Guano.. .tons. . free 
Kainite . tons. . free 
Manure salts .. tons. . free 
Potash— 
Muriate of tons. . free 
Sulphate of tons free 
Total fertilizers tons 














192 1921 
Quantity Value Quantity Value 
3,833,252 5,207,196 1,078,784 636,884 
1,143,801 2,246,033 480,044 373,405 

293,941 593,672 646,211 1,430,664 
21,238,822 2,431,666 9,717,238 842,753 
2,474,617 86,873 12,438,484 229,113 
12,490,196 3,027,823 988,969 151,811 
43,154 780,078 52,483 776,384 
33,380,205 1,218,851 7,517,710 282,310 
14,448,887 1,088,247 3,771,687 319,683 
1,712,319 451,274 10,910,399 487,182 
37,632,131 1,599,346 16,593,849 590,200 
4,172,799 582,976 8,127,521 486,851 

7,590,495 1,091,443 8,797,537 13,091 
1,321,892 63,131,035 369,173 17, oan 977 
; — Ribegepcaee- 2,287 
1,925,181 sth 945.771 

44 722 4 226 
12,996,611 428.322 9,856,491 215,817 
1,230,711 2,406,335 984,374 1,379,922 
Babi i: 13,527,002 .. ... 7,592,821 
673, 3,794,447 
145,585,995 66,767,678 
65,942,104 28,836,234 
1,994 247,495 4,677 260,390 
71,305 4,541,870 16,589 970,719 
53,790 4,583,313 1,751 89,527 
374,732 8,268,031 69,076 1,453,854 
317,911 10,730,274 38,648 792,601 
121,6€2 12,703,858 71,109 4,777,726 
15,184 2,343,431 11,124 719,183 
1,116,595 51,153,989 310,009 12,450,361 








rABLE [IV—EXPORTS OF CHEMICAL PRODUCTS, BY PRINCIPAL 


COMMODI 


Chemicals, 
medicines: 
— 
Carbolic. .. 
Nitric... 
Picric.... 
Sulphu i+ 
All other 


Total acids 
\leohol, wood 
Caleium carbide 

Coal-tar dis'illates, n.e.s 
Benzene 
All other 
Copper, sulphate of 


drugs, dves, 


Dyes and dvestuffs— 
Aniline dyes 
ogwood extract 
All other 


Total dyes and dyestuffs 
Formaldehyde 
Glycerin 
Li ime— 
Acetate of lb 
Chloride of, or bleaching 
powder Ib 
Potash— 
Chlorate 
All other 
All other 
Soda— 
Biearbonate of 
Borax 
Caustic 
Sal soda 
Silicate of 
Soda ash 
All other salts 


Total soda 
Sulphur or brimston: tons 
Total chemicals, et: 
Fertilisers — 
_— —- rock, ground or 


Hish-, : har rock 

: ier 

All ot . 
Supenphenphetes , 
Ammonia, sulphate of 
All other fertilizers 


. tons 
tons 
tons 
tops 

. tons 
tons 


Total fertilizers . tons 























TIES, 1920 AND 1921 

1920 Se 

Quantity Value Quantity Value 
2,151,475 $388,047 249,658 $35,994 
716,914 96,109 “177,80 26,176 
9,480 4,022 42 927 
28,987,342 738, 188 12, gis3ae 317,720 
cama 5,521,818 ......... 4,171/992 
Fs 6,748,184 ......... 1,552,809 
703,064 1.244197 "412,110 '4541584 
23,369,534 1'111.587 11,808:252 606.999 
13,174,268 927,940 71,850,400 3,007,086 
veeecess 6,952,249 . 509,508 
3,783,409 "306/899 “3,582,933 217'491 
22,450,480 ... 5,067,000 
2'605,060 |. 589.756 
7373111 1,203,139 
veascees 32428 651 . 6,859,895 
. 2'640.225 349,087 
1,742,708 ~"429°116 2,394,714 361/509 
23,309,469 647,284 18,239,740 404,538 
48,826,348 1,480,142 18,447,579 483,752 
2,819,459 445,243 375,401 «49,709 
2'819,.459 445,243 375.401 49.709 
baer -. Se os 286.284 
20,642,201 616,261 11,703,183 307,138 
14,325,037 1,206,936 4,063,683 270.127 
224,137,406 10,944,017 49,865,219 2,041,236 
12,030,193 220.487 10.354.513 204616 
34,095,542 450,770 20,789,095 247,761 
166,761,603 4,689,591 35,042,691 850,369 
 deuve GE 5c 3,584,953 
: 25,289,846 .. 6,506,200 
447,450 8.994.350 285,762 4,524,78 
168,999,706 61,111,293 
344,896 4,496,457 182,594 2,637,541 
693,355 5.593.814 544.425 4.627.875 
31'461  479°904 6.714 117,989 
80.993 2,949,629 4.296 98.343 
59.566 7.433.350 102.614 6,098,406 
205,666 15.602.658 54.800 2.581.969 
1,415,937 36,555,812 895,443 16,162,123 
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decreased in about the same proportion. The total exports of 
chemicals were valued at approximately $169,000,000 in 1920 
and at $61,000,000 in 1921. 

Perhaps the most significant feature of the incoming trade 
was the continued importation of large quantities of coal- 
tar products. Although of slightly smaller volume than in 
1920, there were many noticeable increases. Phenol, 
benzene, creosote oil and coal-tar pitch were received in 
larger amounts than in the preceding year. Colors and 
dyes fell off only about 10 per cent in quantity. A rather 
unusual circumstance was that potassium-cyanide imports 
fell from 14,450,000 Ib. to 3,775,000 Ib., while sodium cyanide 
increased from 7,590,000 lb. to 8,707,000 Ib. 

The total exports of chemicals were valued at only about 
one-third those of the preceding year, and with the excep- 
tion of two products, every article in Table IV showed a 
decrease. The two exceptions are in the case of benzene 
and ammonium sulphate. The former increased from 13,- 
000,000 Ib. to 71,850,000 Ib. 





A Record Production of Petroleum 


The petroleum output of the United States in 1921 
was the largest ever recorded and exceeds that of 1920 
by over 26,000,000 bbl. of 42 gal. each. The U.S. Geological 
Survey announced that the total production was 469,639,000 
bbl., which is more than double the amount produced in 1912. 

It is estimated that the world’s production will probably 
be in the neighborhood of 750,000,000 bbl., as compared 
with 695,000,000 bbl. produced in 1920. 

The estimated consumption—i.e., deliveries to consumers 
—of domestic and imported crude oil during 1921 amounted 
to 525,407,000 bbl., as contrasted with 530,474,000 bbl. in 
1920. Consumption for the year just ended, therefore, 
amounted to 55,768,000 bbl. more than the country produced. 


ESTIMATES OF DAILY PRODUCTION 


The American Petroleum Institute estimates that the 
daily average gross crude oil production in the United 
States for the week ended Jan. 28 was 1,415,950 bbl., as 
compared with 1,418,200 bbl. for the preceding week, a de- 
crease of 2,250 bbl. 

The following are estimates of daily average gross pro- 
duction for the weeks ended Jan. 28, Jan. 21, 1922, and 
Jan. 29, 1921: 








DAILY AVERAGE PRODUCTION 
(Figures in Barrels) 

1922 7—-1921— 
Jan. 28 Jan. 21 Jan. 29 
Caen. ovc.k5a's ce COEUR Ye 0 ote 325,350 325,900 273,370 
Ec nccknidnne be Seen eeerees 3,10 83,350 85,075 
yO ae eae 60,350 60,900 74,020 
CO TD cc ciccoserecscvess 216,350 214,250 137,160 
North Louisiana and Arkansas.... 129,150 131,400 82,225 
3. °* 2 ea a 107,450 107,400 116,920 
ee “POA ra ce 116,800 ~- 115,500 121,000 
Wyoming and Montana .........-. 3,400 94,500 52,646 
CRE, viacacne sate stemeorseten 325,000 $25,000 325,000 
ee Pee. ee 1,415,950 1,418,200 1,267,415 





*Daily average gross production. 





American Potash in 1921 


The U. S. Potash Producers’ Association, on the basis of 
statistics submitted by members of the association, has 
estimated that the total production of potash in the United 
States during 1921 was less than 25,000 tons of crude salts 
containing less than 9,000 tons of K.0. This production is 
the lowest for any year since 1916. 

The association points out that this was due to the almost 
complete failure of the market. Most of the Nebraska 
plants were closed down in January, 1921. One or two con- 
tinued producing a small amount through the spring months, 
but in April the last of them quit and no potash has been 
produced in the Nebraska field since that date. In Utah the 
last production came in February, while the last primary 
producer in California closed its plant in June. 

During the last 6 months of the year the only plants still 
operating, so far as known, were two or three of the cement 
mills and two alcohol distilleries. These turned out a 
relatively small tonnage, and in default of a market made 
no effort to produce to capacity. 
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January Business Failures Set New High Record 


The total number of business failures reported to 
Bradstreet’s for the month of January was 2,705, or 
approximately 11.5 per cent above the former record total 
reported in December, 1921. 

The liabilities for January were $115,301,371, an increase 
of 42 per cent over those for December and 76 per cent 
more than for January a year ago. This is the largest 
total of liabilities ever recorded in January and second only 
to the monthly total of $172,675,890 reported in October, 
1908. 





The Rise in Foreign Exchange 


Conditions in Europe have improved materially if we 
are willing to accept foreign exchange as an index. Since 
the review published in our issue of Jan. 25, the British 
pound has reached $4.33, which is higher than at any time 
during the past year. French francs at 8.39 cents as com- 
pared with 8.15 on Jan. 18 is also a marked gain. During 
the same period the Italian lire increased in value from 
4.35 to 4.69 cents. 

The underlying factors which are thought to be re- 
sponsible for the stronger exchanges are the successful 
conclusion of the Arms Conference, the passage of the 
foreign debt and refunding bill, and the promising possi- 
bilities of the coming economic conference at Genoa. 





Soap Makers Cited by Trade Commission 


Two Chicago soap manufacturers have been cited by the 
Federal Trade Commission in complaints of unfair com- 
petition. These charges are based on preliminary inves- 
tigations of the Commission and, as is usual in such cases, 
30 days is allowed for the companies to file their answers. 
Thereafter the cases are set down for trial. 

The complaints charge that the Crofts & Reed Co. and 
the Polonia Soap Co. used false brands on certain of their 
soaps. Thus, it is charged that “Olive Bouquet” and “Olive 
Castille’ were used on soaps containing no olive oil, and 
“Medicinal Toilet Soaps” applied to soaps said to contain 
no medicine or drug. 


The Break in the Crude Rubber Market 


One of the outstanding developments of the last 2 weeks 
has been the phenomenal break in the crude rubber market. 
The price of spot smoked sheets dropped from 2lc. a Ib. 
to less than 16c. This is only 6c. above the record low 
price of 1920 and is the lowest price quoted since last 
summer. Those familiar with the trade attribute the break 
to the forced selling by the large London interests. Further- 
more the imports increased considerably toward the end of 
the year. 

On Feb. 2 plantation first latex crépe was quoted at 15ic. 
and smoked rib sheets at 15%c. 


New York Market 
NEw YorK, Feb. 6, 1922. 

The market for general chemicals during the week was 
somewhat irregular, with a tendency to limit puchases 
to immediate necessities. Large consumers are practically 
the only buyers interested in round-lot quantities, but the 
producers are getting most of this business. Factors in 
chemical circles were elated over the report that one of 
the largest textile concerns contracted for 1,000,000 lb. of 
bichromate of soda for delivery this year. This is the 
largest domestic order recorded for this item in the past 
12 months. The price said to be paid for the quantity was 
in the neighborhood of 7c. per lb. Resale bichromate was 
generally quoted at 7ic. per lb. with reports current that 
odd lots could be purchased down to Tic. Actual spot 
offerings are not very liberal and the general tone of the 
market is quite steady. 

The outstanding feature of the week’s activities was 
the remarkable rise in red prussiate of potash. There 
seems to be no relief from the acute shortage and it is doubt- 
ful if any stocks can be purchased in any direction. In one 
quarter it was announced that a bid of 55c. per Ib. for a small 
quantity was turned down. The shortage is apparently 
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as pronounced in the foreign markets as in local quarters. 
Sales of yellow prussiate of potash were reported at 25c. 
per lb. The demand has continued quite active for small 
lots from the consuming trades. Business in caustic 
potash, 88-92 per cent, was very quiet, with imported 
prices ranging from $5.80@$6 per 100 lb. There were 
occasional odd-lot sales recorded at a fraction below quoted 
prices. Shipment figures range from $5.70@$5.75 per 100 
lb. Leading importers of carbonate of potash, 80-85 per cent, 
report sales at 44c. per lb. It is possible that round-lot orders 
would bring about some price concessions. Material for 
shipment was offered at 43c. per lb. c.i.f. New York. Although 
transactions have been mostly for small quantities, a good 
consuming demand has been noted in this item during the 
past week. Sales of solid caustic soda were reported by 
leading makers at $3.50 per 100 Ib. f.a.s. Some are inclined 
to believe that large quantity orders could be purchased 
at $3.45. Producers are quoting contracts at $2.45 per 100 
lb., basis 60 per cent, for carload lots, f.o.b. works. Domestic 
producers of cyanide of soda are finding a steady market 
at the revised prices of 26@28c. per Ib. for the 96-98 per 
cent grade. Imported material is offered at prices ranging 
from 224@26c. per lb. depending upon the test. The 
American producers have recently filed a brief with the 
Senate Finance Committee asking for a 334 per cent 
ad valorem duty on cyanides, but it is doubtful whether 
any such rate will be agreed upon by the committee. 

Spot soda ash has continued to be quiet, and the market 
has not shown any appreciable change. Carload quantities 
have gone through as low as $1.70 per 100 Ib., while smaller 
lots commanded as high as $2. Spot quotations on barium 
chloride have advanced sharply during the week and sales 
have been reported at $54 per ton for fair-sized orders. 
Domestic producers quote contracts at $52 per ton, while 
imported material is held at $54@$58 per ton on spot, 
depending upon the quantity. First-hand sales of bleach- 
ing powder at the works were reported at 2c. per ib., but 
it is intimated that a firm offer for a large-quantity ship- 
ment might bring shading. The consuming inquiry for 
additional lots is not as active as at the beginning of the 
year. The decrease in price and demand is probably due 
to the fact that paper mills contracted heavily for ship- 
ment prior to the close of last year. Producers of fluoride 
of soda have reduced prices to a level competing with for- 
eign sellers. Material can now be obtained from domestic 
sources at prices ranging from 8@9c. per lb., depending 
upon the quantity. Citric a:id was reduced 2c. per lb. by 
leading manufacturers. This js the first price cut recorded 
in about 9 months. First-hand quotations ranged from 
45@46c. per lb., with resale material held around 42)@43c. 
per lb. The demand was moderate. 


CoAL-TAR PropUCTS 


The coal-tar products market during the past week 
remained inactive. Producers in many instances were revis- 
ing prices to attract what little business might be obtained. 
The call for phenol has remained quite active both for 
domestic and foreign consumption and the market showed 
a steadier tone. The recent reductions in cresylic acid 
and other tar acids have brought out an improved inquiry 
from the consuming industries and indications in this direc- 
tion are more encouraging. Benzene is still in limited supply 
on spot and makers are booking a good volume of busi- 
ness for shipment. Large producers offer cresylic acid, 
95 per cent, dark, at 45@47c. per gal. and the 97-99 
per cent, straw color, at 50@52c. per gal. First-hand sales 
of dip oil, 25 per cent, are going through at 26c. per gal. 
Smaller quantities command a slight advance. A moderate 
inquiry is reported. The benzaldehyde market appears 
quite steady with consumers calling for contract deliveries. 
First hands quote the U.S.P. at $1.30@$1.35 per lb. and 
state that the technical is moving on the basis of 45@50c. 
per lb. There has been no added interest in the market 
on beta naphthol and prices have been weaker in some 
directions at 29c. per lb, The general range is from 
29@82c. per lb. Prices on dimethylaniline in the resale 
market have been as low as 38c. per Ib. Makers are quot- 
ing 40c. but the keen competition for passing business has 
caused price concessions. 
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The Iron and Steel Market 
PITTSBURGH, Feb. 3, 1922. 


Taking the steel market as a whole there has probably 
been a slight increase in demand on the mills in the past 
week, but the condition remains disappointing from the 
viewpoint of late December. Then it was expected that 
there would be a quick revival after Jan. 1 to the stage 
of activity witnessed in October and November. The 
demand is not yet up to the level of that period. 

Probabilities now are that it will require the approach 
of spring to bring the steel market up, in point of tonnage, 
to the stage of activity previously witnessed. In other 
words, the lull of December was not a pre-inventory lull 
but a winter lull. This is the natural explanation of what 
is observed. There is no reason for assuming that the 
fundamental conditions that make for steel demand have 
changed for the worse, for rather the basis for activity is 
more substantial. Nor can the buyers’ attitude toward 
prices be used as an explanation for light demand. Buyers 
have been holding off for many months from making pur- 
chases that could be postponed and at no time have done 
more than buy to meet pressing requirements. They cannot 
become more conservative than they have been. 

Operations at individual plants change so much, almost 
from day to day, that a close estimate of the average rate 
of operation of the industry is impossible, and even an 
approximation is not easy. In general it may be said 
that while the production of steel ingots was at a rate 
of 23,000,000 tons a year in October and November and at 
20,000,000 tons in December, the production of January 
may not have been as heavy as that of December, while 
it is somewhat doubtful whether even February will show 
a return to the October-November rate. 


PRICE COMPETITION STRENUOUS 


The much more strenuous competition that appeared 
early in January shows no abatement. It is not so much 
that new low prices are being made on large orders as 
that relatively small orders are being taken at prices that 
formerly ruled only on large lots. The mills are making 
concessions from the regular or open prices for smaller 
and smaller orders, until in some commodities the regular 
prices rule only on carloads, and in some cases less than 
carload lots go at the regular prices. 

The regular or open prices for the principal steel mill 
products have not changed in the past 6 weeks, or since the 
formal reduction in wire products made by the leading 
interest, Dec. 21, but on account of concessions having 
extended to smaller orders the average price of the entire 
tonnage sold has been steadily declining. 

Shading is of course not equal for the different products. 
Sheets are held quite steadily. Until a week or two ago 
they were held very rigidly, but now it appears there are 
oceasional instances of small concessions being given, 
particularly on galvanized sheets. In wire products the 
regular prices are held on ordinary orders, while to large 
jobbers, in nails at least, a concession of 10 cents a keg 
from the $2.50 price is given. In bars, shapes and plates 
concessions are quite common on lots of over 100 tons, 
the regular price for all three commodities being 1.5c. 

Demand for fabricated steel, while far from large, is 
perhaps above the expectations recently entertained. De- 
mand for tin plate is quite good and a heavy tonnage year 
is assured. Standard steel pipe is doing fairly well. Oil 
country goods are out of season and whether demand will 
return in the spring to the 1921 rate depends largely on 
prices bid for oil by the refiners. 


Pic IRON AND COKE 


The pig iron markets continue quiet and prices are not 
overly firm. Prices in the valley market are unchanged 
since the declines reported a week ago, standing at $19.50 
for bessemer, $18 for basic and $19 for foundry, f.o.b. 
valley furnaces, freight to Pittsburgh being $1.96. 

Connellsville coke continues in poor demand, with prices 
decidedly weak. One large operator has allowed two 
monthly adjustment contracts for furnace coke to lapse, 
being unwilling to meet prices (said to be below $3) quoted 
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by others on February delivery. Foundry coke is doing 
about as well as formerly. The spot market remains 
quotable at $2.75@$2.90 for furnace and $3.75@$4.25 for 
foundry, according to brand. 





The St. Louis Market 
Sr. Louis, Feb. 2, 1922. 


The actual volume of business transacted during January 
of this year in the St. Louis district was far better than 
for the corresponding month of last year, and it is hoped 
that this increase will continue. Reports from some quar- 
ters are not so favorable. There have been very few price 
changes during the last period, which is due to the healthier 
condition of the market; furthermore, this condition indi- 
cates that there is more confidence. 


ALKALIS 


The market on caustic soda has eased up somewhat, show- 
ing a decrease in price of from 40c. to 60c. per 100 lb. The 
76 per cent solid in carlots can be had as low as $3.40 per 
100 Ib., f.0.b. point of production. Spot goods in less than 
carlot quantities are $4.25 per 100 lb., in 1- to 10-drum lots. 
Carload price of the 76 per cent flake caustic is $3.75 
f.o.b. point of production. Drum lot prices range from 
$4.40 to $4.85, and in one or two instances the price quoted 
is $5. Spot goods are in fair demand, but little is being done 
in the way of purchases for future delivery. Along with 
caustic soda, soda ash has declined quite appreciably, with 
the 58 per cent now selling in spot market for $2.40@$2.75 
in 1- to 10-bbl. lots. Carlots can be purchased for about 
$1.85 in bags f.o.b. point of production. Bicarbonate of 
soda continues stable at around $2.75 in 5-bbl. lots, deliv- 
ered to buyers’ order. Salsoda in single barrels stands at 
$2.15 per 100 Ib. 


GENERAL AND SPECIAL CHEMICALS 


Manufacturers of heavy commercial mineral acids re 
port good business. Acid citric is still on the inactive list, 
with further reduction in price taking place yesterday. The 
demand for gallic acid and pyrogallic acid has been much 
better for the last few weeks than for some time past. 
Phosphoric acid continues to move in a lively way. Am- 
monia water, 26 deg., U.S.P., is in fair demand. Inquiries 
for ammonium sulphate are more numerous. Carbon bi- 
sulphide is very firm with a normal demand. Producers of 
sugar copperas report that the demand is far greater than 
the production, with the price ranging from $18 to $20 per 
ton, f.o.b. works. Cream of tartar continues to move 
through regular channels, while tartaric acid has shown 
an appreciable increase. Glycerine is holding firm at 164c. 
in drums, with a steady demand. Further advances on this 
item would not be surprising. Hydrogen peroxide is mov- 
ing in a routine way. A further reduction in the prices of 
strychnine alkaloid and sulphate took place last week. The 
demand is light. Sulphur commercial is moving slowly. 
Louisiana producers quote $15 per ton for crude sulphur, 
f.o.b. works; freight rate to the St. Louis market is $9.60. 
There has been no change in the zinc sulphate market, and 
a fair amount of business is being transacted, the price 
ranging from 3c. to 34c. per Ib., f.o.b. point of production. 


VEGETABLE OILS AND NAVAL STORES 


The linseed oil market is completely in producers’ hands. 
Contracts for future delivery are being ignored today, and 
spot goods are being held at 82c. basis raw oil. Turpentine 
continues firm, fluctuating from 93c. to 98c. for pure gum 
spirits. Some material has been sold on the market for the 
pure gum spirits at a figure within 1c. of Savannah market 
price. Castor oil is in good demand and the price is firm 
at 18c. in drums, 144c. in cans and 12c. in quantities of 
200 gal. er over. 


PAINT MATERIAL 


The St. Louis lithopone market continues in a slump. 
With three lithopone manufacturing plants in this district, 
imported goods fill most of the orders. Barytes are moving 
fairly well at $23.50 per ton. Whiting, all grades at all 
prices, is being offered here, prices varying from $12 to $18 
per ton in carlots. 
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General hemicals Carlots Less Carlots 
C Potassium bichromate..... . yee 10 - .103 10j- 11 
CURRENT WHOLESALE PRICES IN NEW YORK MARKET Potassium bromide, granular. errTs Merry ™ oceee = .7 
Potassium carbonate, U.S. P........... Ib* 12 = .12 13 - .16 
Carlots Less Carlots Potassium carbonate, 80-85%. Ty; .045- .04 05 - .06 
Acetic anhydride. ............ ell tte abel «5 $0.40 - $0.42 Pctassium chlorate, crystals. ... oes .05)- .05 06 - .08 
CE 6 Mths canntd ceews cnvnes Ib.  $0.12}- $0. 123 13 - J) Ree ae Ib tins bind 42- .45 
Acid, acetic, 28 per cent...... 100 Ibs. 2.50 - 2.60 264~- 3.63 Potassium hydroxide (caustic potash).... Ib. .05j- .06 .064- .064 
Acetic, 56 per cent........ 100 Ibs. 5.00 - 5.25 530- 5.50 PUIG. oc oc ccc vce’ s acies oc _° seeks a Wika 2.90 - 3.00 
Acetic, glacial, 99} per cent, carboys, Potassium nitrate............. eS .07}- .073 .08 - .09 
100 Ibs. 900- 950 9 75 - 10.00 Potassium permanganate............... Ib. 14- 15 16 - .22 
Boric, crystals.......... eee 12j- 123 13 - .134 Potassium prussiate, red........... . Ib. 38- .39 40 - .50 
“es  “Saterrereeey * 12}- 13 134- 14 Potassium prussiate, yellow. ... Ib. 25 - .25} -253- 264 
COs dbase se diesees yr 4: Ib. a inate on aie .425- .43 Rochelle salts (see sodium P SMO 5 cos asenc” chomae hana © eas 
Hydrochloric ......... .... 100 Ib. 1.25 - 1.30 1.35 1.85 Salammoniac, white, granular Ib. -063- .07 074-07} 
Hydrofluoric, 52 per ce nt.. Ib. Mae 12 124- 13 Salammoniac, gray, granular Ib . 06} 06} .07 07) 
L actic, 44 per cent tec h. Ib. 09}- 10 105- 12 Salsoda See | | 1.60 - 1.70 1.75 —- 2.00 
Lactic, 22 percent tech......... Ib. = 044 04} - 05 Salt MED acecceds esses . ton 17.00 -20.00 - - 
Molybdic, ¢ ¢.p.. lb. 3.00 - 3.25 330 - 3.75  € 8 eee ... 100 Ib. 1.70 - 1.95 2.00 - 2.40 
Muriatic, 20 deg. “(see hydrochloric) Ee RE I PR rie: Soda Oe ee oad vet ae 1.85 - 1.90 1.95 - 2.40 
Nitric, 40 deg.............. > an . 063- 064 063- 07 Sodium a ; Ib. .04 043 .04)- 05 
Nitric, 42 deg. a pa - % . 063- 07 07}- 074 Sodium bicarbonate............. 100 Ib. 2.20 - 2.25 2.30 - 2.75 
Oxalic, crys tals............-. Ib. 14 - 14} 143-154 = Sedium bichromate..... en .07}- 08 -08j- 08) 
Phosphoric, 50 per cent solution... Ib. 09 - 09} .093- i Sodium bisulphate (n itre cake)...... .. ton 4.50 - 4.60 4.65 - 5.50 
Rd eae Ib. 20 - 25 27 - 35 Sodium bisulphite powdered, U.S.P...... Ib. .044- .043 .05 - .05) 
Pyrogallic, resublimed......... Ib “er 1.65 - 1.75 Sodium CE eects tecnccesnnegass Ib. .064- .06} .07 - .07) 
Sulphuric, 60 deg., tank cars.. ton 10.00 - 11.00 are ue Sodium chloride ; se ton 12.00 -15.00 .. -.. 
Sulphuric, 60 deg., drume......... ton 12.00- 14.00 ..... -..... Sodium eyanide............. oes Ib. .20- .26} -26}- .27 
Sulphuric, 66 deg., tank care..... .ton 16.00 — 16.50 tees ae eve Sodium fluoride......... pe ececsccccess Ib. -08 - .08} -08{- 095 
Sulphuric, 66 deg., drums........ ton 20.00 — 20.50 21.00 - 22.00 Sodium hydroxide (caustic soda)... ..100 Ib. 3.50 - 3.60 3.65 - 4.20 
Sulphuric, 66 deg., carboys.. ton ea “ache a E a at Sodium hy posulphite Peskebesbentdend .. Ib. .033- -034 .03}- .04 
Sulphuric, fuming, 20 per cent(oleum’ Sodium nitrite... Serre .06)- .06; .07 - .07} 
tank cars..... on 19.50 - 20.00 a eee Se Sodium peroxide, powdered... = Ib. .25- .26 .27 - .30 
Sulphuric, fuming, 20 per aE Sodium phosphate, re ee Ib. .04- .04} .044- 05 
drums. . ton 22.00 - 22.50 23.00 - 24.00 Sodium potassium tartrate (Rochelle salts) Ib. ..... © sees 18 - .2) 
Sulphuric, fuming, | 20 ) per cent(oleum) Sodium prussiate, yellow . . .. Ib. T— 0a ATG 178 
carboys.... .. we a on 31.00 - 32.00 33.00 -— 34.00 Sodium silicate, solution (40 deg.) .. .. 100 Ib. .865 - 1.00 1.05 - 1.15 
GE, Boassencceesends x) etten oes 65- 75 Sodium silicate, solution (60deg.).....100 Ib. = 2.25 - 2.40 = 2.45 - 2.75 
Tannic (tech.).............. peel .45 - 50 51 - 55 Sodium sulphate,crystal-(glaubers salt) 100Ibs. 1.25 - 1.30 1.35 ~ 2.00 
Tartaric, imported crystals. . . Ib. Ne ie ead 2% o 254 Sodium sulphide,fused,60-62 per cent(cone. . Ib. .044- .04 -04)- .05 
Tartaric Jo imported, powdered. .Ib. =... hide .254- .26 Sodium sulphite, crystals... .... Ib .03}- .03 .03}- .044 
Tartaric acid, domestic......... - ippenes anlar 5a ae Strontium, nitrate, powdered............ Ib. 10- .1 Mg- 15 
Tungstic, per Ib. of WO...... te ees > 3 1.00 - 1.10 Sulphur chloride, red. .................. Ib. .05 - .05)5 .O53- .06 
SN. OE haicidin wan cng 0 80% gal. - 4.75 - 5.50 RE: ton 18.00 -20.00....... ” Réake 
Alcohol, methy] (see methanol) .... ar ~ hated dt ndams Sulphur dioxide, liquid, cylinders ext:a... Ib. .08 - .08) 09 - .10 
Alcohol, denatured, 188 proof....... . gal. ant + 42 Sulphur (sublimed), flour... . Pri” “atebe *- Sekiwe 2.25 - 3.10 
Alcohol, denatured, 190 proof..... ES le nt OR 43 ~ 44 Sepaer. roll (brimstone)......-...... | ere Oe art as 2.00 - 2.75 
Alum, ammonia, lump.......... ri fb. .034- .032 04 - 04 Tale—imported . ton 30.00-40.00 .. - 
Alum, potash, lump............. .. Ib. .033- .04 . 044- 04 Tale—domestic poudeed ton 18.00-25.00 .. - 
Alum, chrome lump. . nm .074- 08 . 083 - 08 Tin bichloride.. .. . Sores | « 09 - 093 .094- 10 
Aluminum sulphate, commercial . ‘ian ale .01- .02 .02}- 02 Tin oxide. ST ere a fee © seats 39 - 40 
Aluminum sulphate, iron free. . Ib. .024- .02? .03 - 03; Zine carbonate pabibe s)geheaned Uaadie ee U- 15 . 154- 16 
Aqua ammonia,26 deg.,drums(750 Ib.) Ib. .073- —. 073 .08 - .08} Zine chloride, gran...... Seeererrrr re Ib. .08 - .08 .083- .09 
Ammonia, anhydrous.cyl.( 100-156 Ib. Ib. -30- .30 _* 33 Se. ag ee ib. .42- .44 45 - .47 
Ammonium cesbenate, powder...... . Ib. .07 - .07 .08 - .09 Zine oxide, XX........ +2 c0Os ésiee Wgeh Ib. .08 - 083 -08}- .09 
Ammonium pitrate................. Ib. .063- 07 073- 073 Ee eas eae 100 Ib. 3.00 - 3.25 3.30 - 3.50 
Amylacetate tech.. Pe re * ccan 2.00- 2.40 
Arsenic, — powdered. . . ee = ‘ “74 - 4 : om ost 4 
Arsenic, Fr wder ores. | ‘ - 12}- = 
Barium chloride bh oo océeeese ee «698 - Oo 55.50 — 70.00 ccieiain 1) Seg ; Coal Tar Products ‘ ae 
Barium dioxide (peroxide). ........ . .Ib. : 214 2 . 23 NOTE—The following prices are for original packages in large quantities: 
BN GEIS, 60.0 6 0.4 db wgesb s&s x Ib. 064 - 07 07;- 08} 
Barium sulphate (precip.) enauey fixe) - 033 04 .045- 043 Alpha-naphthol, crude... . ss a gratia aria iota Sebtaale <b Ib. $1.00 — $!.05 
Blane fixe, dry........ .04 - 045 aed - oa Alpha-naphthol, refined... .... = Sedwtteacced Ib. 1.15 — 1.20 
Blane fixe, pulp....... ’ a 45.00 — 55.00 anita Alpbe nanny Lis cc rebdi eek Nan oe Gkee dat Ib. .27— .30 " 
Bleaching € pow Pata veukas : 100 Ib. 2.25 - 2.35 2.40 - 3.25 I GIR iiid cc cos cccccccsnccccocces Ib. . 164 .17 
Blue vitrio (see copper sulphate).. eee Se Pere es adi cen dace ecawanGd aan Ib. 244 — 26 
Sits > oun heewen Fei .054- . 06 .06;- 07 Anthracene, 80% . ‘seuperdvcvadn Ib.). POE « 75 — 1.00 
Brimstone (see sulphur, roll). | atusieiadican Se Ee ee Pr ae. «+ ciusemesier ie wadenaechcus Ib. 1.30— 1.35 
Pane. ‘ aie «mh aacahe< doar 20 - 21 214- 26 rs toca einai el én cad oavane tweet “oe 85 95 
Calcium acetate........-...---- 100 Ibs. 1.75 - 2.00 sie MI caeeet ce cme wp», -y ~p COREE Tee — ° ola 85 
Calcium carbide............... See 044- 04} 05 - 054 Benzoic acid, U.S.P. Sines ania eiamielir andi ddke al Ib .60 — 65 
Calcium chloride, fused, ae: - aca ae 23.00 - 24.00 24.50 -— 28.00 NN OE OS eee ee - 55s — 57 
Calcium chloride, granulat a .Olt- .02 023- 025 Benzene, pee water- ~ a in drums (100 o- Picken .29 — 35 
Calcium peroxide. . sc ahine — ‘cane ana 140- i.50 Benzene, ® in drums (100 gal.)...... ‘sssane ee .27 32 
Calcium phosphate, “tribasic. . ee ictes ©! eee i5- .16 Benzyl chloride, 95-97‘ ,, refined. ................... Ib. 25 — .27 
CE ininas so eaedbunsdee sweets us Ib. sesea ade 92 - 95 Benzyl chloride, tech... .... titds dg hen canes .20 — .23 
Carbon bivulphide.. is ées <aee 06 - 064 . 06}- 074 Beta-naphthol benzoate ...................0008- _ * 3.75 — 4.00 
Carbon tetrachloride, drums.......... Ib. . 10}- . 10} ll - .12 ee Re ee Ib. 65 — 67 
Carbonyl! chloride, (phosgene). . Ib. sheen & Rhone .60- .75 Beta-naphthol, tech . . 5a PURO Ves caweeuEss Ib. 29 — 32 
Caustic potash (see potassium hydroxide) stage Sesame ime Me Tae Beta- eS TE mine, sublimed . cicneeuuneekes Ib. 1.50 — 1.60 
Caustic soda (see sodium hydroxide)... Peitnine Ma Renawas Cresol, U >, in drums (100 Ib. agent hitches Ib 16 — 17 
Chalk, precip.—domestic, light . Ib. .044- .04 - Ortho-cresol, i IN GOOD. icc vac cdecvcevecs Ib. .20 — .22 
Chalk, precip.—domestic, heavy = .034- . 03 - Cresylic acid, 97-99 ., straw ie in drums.... .. gal. 50 — .52 
Chalk, precip.— imported, light .04}- 05 See te Cresylic acid, 35-97", " dark, in drums.......... .. gal. 45 47 
Chlorine. gas, eae “cy Tinders( 16015 ) ib. 06 - . 064 .06}- 07 nS vs «oy nhiadne aa whe xbils webb naere b. .06 .09 
Chloroform....... te ae 37 - 40 ie chs vs ce GGhihedahw a0 ikesee¥e's é Ib. 95 1.05 
Cobalt oxide... ee ee tb Ste ai 2.00- 2.10 TS <<.» «sees is ps an weeekeeews Ib. .40 45 
a ‘ton 15.00 - 16.00 16.50 - 20.00 EE ch nc ehieddanknrhs oon beaacetee Ib. 21 .25 
Copper carbonate, gree n rec ipitate. . Ib. 20 - 205 21 - 213 ss ieee ankedde¥ nie Wad ule Ib. .25 .27 
Copper cyanide. . : Ib. ara : 58 - .60 ES « «cn nbesetasschouwcdneseees Ib. .32 35 
Copper sulphate, crystals RAS 100 Ib. 5.60 - 5.65 5.70 - 6.25 sin She dhs he oa eke eh awaeee — * mS! 38 
Cream of tartar. . Ib. pie ct 24 - 254 es ink CEROS 6 ih back inate cukeue lb. 25 — 30 
Epsom salt (see magnesium ‘sulphate’. - : © cwtdn Dip oil, 25%, car heen SR, so.» cc ccbaseioke*'t ft .28 30 
Ethyl acetate com. 85%. . RG ORR Ne a See at 58 - .65 Dipnenylamine EES LIES CN NS ARREARS , .60— .70 
Ethyl acetate, pure (acetic ether, 98% ae ek Sines cas ks eniabh Ou kate waa Ib. 90 1.00 
= Fe ee a : - a. re eee: EES. « bs vx We eaten bei ieee 1.00 1.05 
Formald ehyde, ge cent. b. 10- .104 107- = =.1h Steines PESERS pbNs 600.0 da00 es 00 .10 12 
Fullers earth, f.o.b. mines _ net ton 16.00 — 17.00 ese pa Monoethylaniline. een a ee, 1.15 1.20 
Fullers earth-imported powdered- net ton 30.00 — 32.00 oo ee Naphthalene crushed, in MN £60 nunemaean . Ib. .07 08 
et « Cadi » 1etadiee sue gal. is aie tian 2.50 - 3.00 EEE ee Ib. .07 08 
OS ear rrr gal w asee 140- 1.75 Naphthateme, Dalle......sccccrccsescccccscccccvee Me . 08 .09 
Glauber’s salt (see sodium sulphate’ . . , : te ED ME MIDs 5G oo-5 0 0.0605 uch oneed atiencs lb. 65 .70 
Glycerine, ¢. p. drums extra...........Ib. ghee 16}- 17 irc bn as KbnnaessbAaew steed Ooes .10 12 
nn ost eééecunen Ib. ws, 5 380- 3.90 Nitro-naphthalene.............. . Ib. .30 35 
PC UUs sv cchesvssdoceyecend Ib. ee! 12 - 18 Nitro-toluene.......... s .15 - 174 
a ae rare * Ib. ee Ae 104- 124 Ortho-amidophenol > 2.75 — 2.80 
arsenate, powd............. %.. De S- .055 15}- 16  Ortho-dichlor-bensene..............00ceeeeeeeeeee DD. AS— .20 
EABB BRTMADs, 605 oc cove recceccscess: BING ie seh 2d ee i5- .20 Ortho-mitro-phenol......c.sccccccccccsccssecscsee IDs a5 — 80 
NE ee Ae Pr et Ib. .074- .073 .08 - 08) odes esc eereoeatian 606 6-4 Ib. 15S— .20 
Magnesium carbonate, technical. .... Ib. .06 - . 064 06} - 08 i de eenkebekns bcs ett 2 60h ekbewds Ib. 20 - 25 
ae sulphate, U.S. P..... 100 Ib. 2.65 - 2.70 2.75 - 00 EE Sn ee Ib. 1.30 — 1.35 
—_  seeeeee, technical... 100 Ib. Joon ee 1.05 - 1.80 Te SS eer Ib. 1.40 — 1.50 
Me as Dn ns desk dnnss aa 60 - .62 IIIS «. Gown b 84.0.6 VSS be pc och os Fb o06 Ib. 7 — 18 
Methanol, an caus aahs ese ens an steve eae 63 - .64 id Sees ons dann en benno hs apes te Ib. 717 — 80 
Nickel salt, y te a he eee eee ae i EE, cn? oncxenencerpenes ode heheh oe6s Ib. 70 — 75 
Nickel salt, single. . pe? * Shed - UW=- Fae Para-phen pactennine 8 PROT ORAL Ae Ib. 1.60 — 1.65 
Phosgene (see carbony! chloride’ . . a" tan dened, “seed — esse te ds 5c acc shone ene dé ots Ib. 1.40— 1.15 
UE ep eee nie * 45 - 46 .47- .50 Phthalic anhydride. ES a ee 2 Ib. 37 — 40 
Phosphorus, yellow..............+-- Ib. is, 30- .35 Phenol, U. SUES Satan eSivdvecccctteecnac lb. 12— 16 
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PE coach npcesldesoreteocesdouscdee ns al 1.75 — 2.75 
i Ci. « i565 cance ceteneee sc anneee b. 1.30— 1.35 
Resorcinol, pure i. 2 bi Secbdaie owsoe ss ; > 1 . — 2 . 
Salicylic tech., > Seheu behind 6one ‘ . e .20 — 
Sallevlic acid’ U. a eaeuadiaes Ib. 23 — 24 
a RE PS ge . Ib. 75 — 77 
Solvent naphtha, water-white, in drums, 100 gal... gal. 25 -- .28 
Solvent naphtha, crude, weit in drums, 100 gal... al. .12 - 4 
Sulphanilie acid, crude. . . , .26 — .28 
MA. 3 «0 daslese ot od Ib. 1.20 - 1.30 
Toluidine, mixed........... Ib. 32 — 38 
Toluene, in tank cars............. gal. .25 - 28 
Toluene. i in drums..... ido Bie ane ge 30 — 35 
Xylidines, drums, 100 gal. . Sed dale ’ ; . .40 — 45 
Xylene, pure, in drums........ gal. .40 — 45 
Xylene, pure, in tank Ree ga 45 — - 
Xylene, commercial, in drums, 100 gal gal. 33 — 35 
Xylene, commercial, in tank cars..... ‘ gal. | 30 — nals 


Waxes 
Prices remain quotably unchanged. 
Naval Stores 


All prices are f.o.b. New York unless otherwise stated, and are based on 
carload lots. The oils in 50-gal. bbis., gross weight, 500 Ib. 





Rosin B-D, bbl. 280 Ib. $5.45 — 5.50 
| ere coe 280 1b 5.55 — 5.60 
«acacia sueudt 280 Ib 6.20 — 6.95 
Rosin W. G.-W. W. 280 Ib 7.00 — 7.25 
Wood rosin, bbl. pe Cb eeens bee seuss 280 Ib 6.28 —..... 
Spirits of turpentine..... 6 a ine oiieeie gal. ts WM want 
Wood turpentine, I ee gal . a eee 
Wood |: pan. " oan gnecene es al. a &™ jesse 
oo 8 aaa 00 Ib «+ — 6.00 
Tar, kila —i, BBL (500 deeds bbl +s — 10.00 
Retort tar, bbl. 500 Ib — 9.00 
Rosin oil, first run. jabedéateheevides sea ne a. eee 
SR es NE ED, ig socv ccdoceeetecvcesscee EE MEP cesce 
i SE ae ae a as .. gal. 46 —..... 
Pine oil, steam dist., sp.gr., 0.930-0.940........... gal, $1.90 
ee Ge i, CRs so cesenes én eneut oe ee gal. 1.50 
Pine tar oil, ref., sp.gr. 1.025- 1.035 gal. . 46 
ways tos oil, crude, sp.gr.1.025-1.035 tank cars f.0.b. Jacksonville, $5 
vntwien duaitintheaWin th sachdeh can des'de op aabadacx .. gal. ‘ 
Pine tar oil, double ref., sp.gr. 0. 965-0.990. » -“etebuak’ . gal. 75 
Pine tar, ref., a. sp.ar., 1.080-1.960. Rin, Sige eg any gal. om 
Turpentine, crude, i gr., 0.900-0.970 5a eebneen gal. 1.25 
Hardwood oil, f.o.b. Mich., sp.gr., 0. 960-0.990......... os . gal. 35 
eT AP aera eee 52 
Fertilizers 
Ammonium oviphate, bulk and double bags... .. 100 Ib. $2.50 — 2.60 
Blood, dried, f.0.b., N. Y........ unit 4.00 
Bone, 3 and 50, ground, raw.. : ... ton 30.00 — 32.00 
Fish serap, dom., dried, f.o.b. works. . unit 3.10 — 3.20 
Nitrate soda ’ 100 Ib 2.37 — 2.40 
Tankage, high grade, f.o.b. C hicago ; scent 3.25 — 3.40 
Phosphate rock, f.o.b. mines, Florida pebble, 
.. ton 5.50 — 7.00 
Tennessee, 78-80 °% ... ton 8.50 — 9.00 
Potassium muriate, 80° ton 34.00 — 37.00 
Potassium sulphate unit Ce = ones 
Crude Rubber ¥ 
Para—Upriver fine. ... . Ib. $0. 20}-— . 203 
Upriver coarse Ib. 13 - 13 
Upriver caucho ball Ib. 12 — on 
Plantation First latex crepe... Ib. 17 — 17 
Ribbed smoked sheets Ib. 7 — 17 
Brown crepe, thin, clean Ib. 14— *¥ 
Amber crepe No. I.. Ib. 16 — 
VEGETABLE 
The following prices are f.0.b. New York for carload lots. 
Castor oil, No. 3, in bbls peebeddicns Ib. $0.10} — $0.10} 
Castor oil, AA, in bbls. . ve Wh — on 
China wood oil, in bbls. (f.0.b. Pac. coast) . Ib. 133 — «13 
Coeonut oil, Ceylon grade, in bbls . Ib. o— . 09 
Coconut oil, Cochin grade, in bbls. . as 093 — .10 
Corn oil, crude, in bbls. . ; 5 oastiovall Ib. 08) — . 08} 
Cottonseed oil, crude (f. 0. b. mill) es Ib. oe — . 08 
Cottonseed oil, summer yellow. .... sae Ib. 09 — ‘09! 
Cottonseed oil, winter yellow , etal Ib. 10 — . 104 
Linseed oil, raw, car lots (domestic) . ae APT | 76 — 76} 
Linseed oil, raw, tank cars (domestic) .......... gal. a— 72 
Linseed oil, in 5-bb! lots (domestic). .......... gal. 77 — .80 
Olive oil, denatured Sacweeks al. $1.12 — $1.15 
Palm, Lagos I pee os eheoseetaaeues 073 .0 
is: nnccntdtébniin wah ceeindadanbeell Ib. 064 — .06 
Peanut oil, crude, tank cars (f.0.b. mill)... .. Ib. .08 08 
Peanut oil, refined, in bbls... .. 7 EY Ib. . 103 - u 
Rapeseed oil, refined in bbis............... gal. 4 - 85 
Rapeseed oil, blown, in bbls... .-) 0227220: al ss .89 
Soya bean oi! (Manchurian), in bbls. N. Y. ..... fb. o — 
Soya bean oil, tank cars, f.o.b., Pacific coast... .. Ib. .o7 — 
FISH 
Light pressed menhaden. .. q 390.45 — 
Yellow bleached menhaden. sdveets -odaa ea 6 — 
if hite bleached menhaden. ' ee 4 — 
Blown menbaden......... gal. 57 — ° 
ieutienee Materials 
All f.o.b. New York Unless Otherwise Stated 
Asbestos, crude No. 1, f.0.b., Quebec, Canada...short ton $1,000.00 $1,200.00 
Asbestos, shingle stock, f.o.b., Quebec, Canada, .short ton 80.00 —125.00 
Asbestos, cement stock, f.o.b., , Canada.. short ton 12.50 — 17.50 
Barytes, ground, white, f.o.b. mills net ton 23.00 — 23.50 
Barytes, ground, off color, f.o.b. mills net ton 17.00 — 21.00 
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Barytes, floated, f.o.b, St. Louis................. net ton 23.00 — 24 00 
Barytes, crude f.0.b. mines . net ton 6.00 — 7.00 
Casein . Ib. 15 — 6 
China clay (kaolin) crude, f.o.b. mines, Seanpe... net ton 6.00 — 8.00 
China clay (kaolin) washed, f.o.b. Georgia. . net ton 8.00 — 10.00 
China clay (kaolin) powdered, f.0.b. Georgia. . _netton 12.00 — 20.00 
China clay (kaolin) crude f.o.b. Virginia points. . net ton 8.00 — 12.00 
China clay (kaoli n)ground, f.o.b. Virginia points... net ton 13.00 — 20.00 
China clay (kaolin), im , SOO... .. . net ton 14.00 — 20.00 
China clay (kaolin), imported, powdered. . . net ton 30.00 — 35.00 
Feldspar, No. | pottery oo. long ton 6.50 — 6.75 
Feldspar, No. 2 pottery oaee.. long ton 5.75 — 5.90 
Feldspar, ue 1 soap . long ton 7.25 — 7.50 
eee Fe 0.1 C n, y= mill... longton 22.00 — 22.50 
Goes ite, Ceylon a first quality. . Ib. 045 — 06} 
Graphite, Ceylon chip............ b. 034 -— .05 
Graphite, high grade amorphous crude. . Ib. .00:3 — .02% 
Kieselguhr, f.o.b. mines, C per ton 40.00 —- 
Kieselguhr, f.o.b. N. Y.. per ton 55.00 —- 60.00 
Magnesite, calcined (crude). ~ ton 12.00 — 15.00 
Pumice stone, im b. .03 — .40 
Pumice stone, domestic, lump....... . Ib. -05 -— .05) 
Pumice stone, domestic, ground. ..... . bb. 06 — .07 
Shellac, orange fine. ..... : . Ib. .68 — .70 
8 , orange superfine . Ib. 71 — = .72 
Shellac, A. C. garnet. ........ Ib. 58 — .60 
Shellac, T. N........ . Ib. 6 — 66 
Silica, glass sand, f.0.b. Indiana. per ton 1.25 — 1.50 
Silica, sand blast material, f.o.b. Indiana per ton 2.25 — 4.50 
Silica, amorphous, 250 mesh, f.o. -. » Saas. . per ton 14.00 — 14.50 
Silica, We sand, f.o b. Pa per ton 2.25 — 3.00 
Son a EE ; ton 12.00 — 15.00 
Tale, 200 mesh, .0.b. Vermont. . ton 7.00 — 12.00 
Tale, 200 mesh, f.o.b. Georgia... . ton 8.25 — 13.00 
Tale, 200 mesh, f.o.b. Los Angeles nin ssties 2 16.00 —- 20.00 
Refractories 
Bauxite brick, 56° Al, f.o.b. Pittsburgh. ... vader 8 ; per 1,000 9028. - 
Carborundum refractory brick, 9-in....... | lees than car ot i000 +79 00 
Chrome brick, f.o.b. Eastern shipping points...... ; net ton 41-44 
Chrome cement, 40-50% net ton 30-32 
Chrome cement, 40-45% Cris, sacks, in car lots, f.0.b.. 

Eastern shipping poi i btn #6 430 cuduhan net ton 30-32 
Fireclay brick, Ist Am mag 9-in. shapes, f.o.b. ‘Pennsy lvania, 

Ohio and Kentucky a 1,000 32-37 
Fireelay brick, 2nd quality, 9-in. shapes, f.o. b. Pennsy Ivania, 

Ohio and Kentucky works 1,000 27-30 
Magnesite brick, 9-in. straight (f.o b. works).. net ton 53-55 
Magnesite brick, 9-in. arches. wedges and keys. . net ton 70 
Magnesite brick, soaps and splits ...... ; ’ net ton 
Silica brick, 9-in. sizes, f.0.b. Chicago district... . Ce 35-37 
Silica brick, 9-in. sizes, f.o.b. Birmingham district Sada d 1,000 37-39 
Silica brick, 9-in. sizes, f.o.b. Mt. Union, Pa.. ; 1,000 27-30 

Non-Ferrous Metals 
New York Markets 
Cents per Lb 
Copper, electrolytic. . oe tie vhidrile cab aawincesewes 13.50 
Aluminum, 98 to 99 per ee te a ee Le 19.00 
Antimony, a ds Ae dW lots, Chinese and Japanese................ 4.45 
ih Sn 2+. cab esh ees sh eenk edb bebe edeeosees 41.00 
ee oo ctivannadmnedudeseeenns amen 44.00 
Nickel, oe, chun yW et Se estnens oenesss San 32.00 
Monel metal, shot and blocks. . irk cok whan ian 35.00 
Monel metal, ingots 38.00 
Monel metal, sheet bars.............. , j I nm 40.00 
Tin, 5-ton ee re 32.00 
Lead, yA York, _.. is debned wens ehsenedeebannbedan sedans 4.70 
eh en ceaeanbenabdeoseere 4.375-4.40 
Zine, Lt, New is. ibhcheaneceureganessbethuansbeensaswes 4.90-4.95 
EL 6 nous ct cscsashudvahaneebuneneneat eed 4.45-4.50 
OTHER METALS 

ee Gs 0 is inde 6400s Ved eichete seb euas oz. $0. 66 
PRE cas ccsnecnrincsesedeegedsrsasereseccsos Ib. 1.00-1.10 
EE ALE a ea Ib. 1.90@2.00 
rites, i i ta Bln d a On ein wos ob So 0b Ib. 3.00@3.25 
Magnesium (f.o.b. Philadelphia) . . svakvieesbeene” 4a 1.25 
es tha acon t «i Gad den 5 0-6 he aaa wewewe oGuin oz. 100.00@105.00 
cae xnwaline Coke tee niwe csiVeee ed basscswiee oz. 170.00@190.00 
Pr cied tibuces hanetsttescedeveuses oz 60.00 
ASG 4% 60-0 sua Ohba ees 5.) seme deeeubbees 75 Ib. 47 .00-49 .00 


Ferro-Alloys 
Ferro-manganese—78-82 per cent Mn—foreign—c.i-f. 


Atlantic seaport—gross ton—$57—58.35. All other prices 
remain the same as Feb. 1 report. 


Ores and Semi-finished Products 


Market remains unchanged. 


Structural Material 


Prices are the same as Feb. 1 report. 
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Construction and 
Operation 
Arkansas 


LITTLE ROCK—The Arkansas Platinum 
Development Co., P. O. Box 815, C. C. Wil- 
liams, secretary, has tentative plans under 
consideration for the erection of a new ore- 
reduction plant for platinum and gold pro- 
duction. The company has_ extensive 
mining properties in this section. 

EL DORADO—Fire, Jan. 18, destroyed a 
portion of the oil refinery of the El Dorado 
Oil & Pipe Line Co., with loss estimated at 
about $32,000. It will be rebuilt, 


Connecticut 


STAMFORD—tThe Segal Metal Products 
Co., Springdale, near Stamford, has award- 
ed a contract to Tucker & Lewis, 103 Park 
Ave, New York, N. Y., for the erection of 
a new i-story foundry, 45 x 81 ft., to re- 
plae its plant building recently destroyed 

y fire. Lockwood, Greene & Co., 101 Park 
Ave, New York, are architects. R. H. 
Schoell is general manager. 


Delaware 


WILMINGTON—The Wilmington Sugar 
Refining Co. has filed plans for the erec- 
tion of the first unit of its new plant in the 
South Wilmington section, consisting of a 
5-sto: ry 125 x 150 ft., estimated to 
cost close to $750,000. Foundation work for 
this and other plant units is well under 
way, and plans for the other buildings will 
be filed early in the .~¥ w. J. ayte, 
Inc., 125 East Forty-Sixth St., New York, 
N. Y., is engineer. 


Florida 


CLERMONT—The Board of Trade is con- 
sidering the establishment of a local plant 
for the manufacture of glass bottles and 
kindred products. A company will be or- 
ganized to operate the property. 


Illinois 


EAST ST. LOUIS—The Obear-Nestor 
Glass Co., 25 North Second St., St. Louis, 
Mo., has awarded a contract to the Fred 
Gauschmetz Co., 501 North 18th St., East 
St. Louis, for the erection of a 1-story addi- 
tion to its East St. Louis plant at Broadway 
and Belt St., to be used for the manu- 
facture of bottles, etc., estimated to cost 
about $75,000. Joseph Nestor is president. 


Indiana 


CARBON—The Carbon Firebrick & Coal 
Co., 345 Lemcke Annex Bldg., Indianapolis, 
Ind., is considering plans for erection of 
a new plant in the vicinity of Carbon, for 
the manufacture of firebrick and other re- 
fractory products, estimated to cost about 
$150,000, including machinery. E. EB. Dean 
is president. 

MARION—The Mil Oil Co., Kokomo, 
Ind., is negotiating for the purchase of the 
property and business of the Service Oil Co., 
Marion, and upon acquisition, plans for ex- 
tensive operations. e Service company 
has been operating under a receivership ; 
the receiver will dispose of the property. 

BLOOMINGTON — The Bloomington 
Brick & Tile Co., A. W. Beecher, president, 
is considering the erection of a new plant, 
on site about 12 miles north of the city. The 
plant will consist of a number of one-story 
buildings, and is estimated to cost about 
$200,000, including uipment. Prelimi- 
nary surveys for the buildings are under 


way. 
Kansas 

WICHITA—The Western Art Glass Co., 
331 North Market St., is constering the 
construction of a new 3-story works build- 
ing, 75 x 140 ft., estimated to cost about 
$60,000. It is planned to cemmence work 
early in March. 


Kentucky 


PAINTSVILLE—The Big Sandy Oil & 
Refining Co. is pertecting plans for the con- 
struction of a new oil- oppin plant, with 
initial ity of about 100 bbl. A number 
of tanks for r ~age service will also be con- 








structed. Ralph Stafford heads the com- 
pany; M. B. Westcott is engineer. 
Maine 
GREENVILLE —The Great Northern 
Paper Co. is completing the construction of 
a new mechanical building at its plant, 
116 x 225 ft., estimated to cost about $230,- 


000. A portion of the structure will be used 
as a machine and repair shop. 


Maryland 


BALTIMORE—The American Oil Co., 
American Bldg., is planning for the erec- 
tion of a new plant to cost about $200,- 
000. A large steel tankage department 
will be installed. Plans will be drawn at 
an early date. Louis Blaustein is man- 
ager. 

BALTIMORE — The Virginia-Carolina 
Chemical Co., Richmond Va., will hold in 
temporary abeyance the erection of its pro- 
posed new plant at Baltimore to be occupied 
by its affiliated organization, the Rasin- 
Monument Co., National Marine Bank 
Bldg., Baltimore, for the manufacture of 
fertilizer products. The latter company now 
operates a plant in the Curtis Bay section of 
the city. he building contract for the new 
plant was awarded recently to Huggar 
Brothers, Montgomery, Ala. 

BALTIMORE — The Atlas Chemical 
Laboratories, Inc., Mosher and Bruce Sts., 
is wm for enlargements in its plant. 
J. Auld, Jr., is president. 

BALTIMORE—tThe Prudential Oil Co., 
Keyser Bldg., has completed plans for the 
construction of a new tankage plant at 
Third St. and Fourth Ave., consisting of 
a number of steel tanks, estimated to cost 
about $80,000. 


BALTIMORE—tThe Maryland Steel Roll- 
ing Co., 1410 Fidelity Bldg., recently or- 
ganized with a capital of $1,000,000, will 
soon commence the erection of its pro- 
posed new plant at Dundalk, consisting of 
a main works, 65 x 330 ft. with elec- 
trically driven mills and oil-fired heating 
furnaces. It is proposed to develop an 
annual production of about 30,000 tons of 
bar steel per annum. S. Baldwin is 
general manager. 

Michigan 

MANISTEE—tThe Filer Fibre Co., has 
tentative plans under consideration for the 
erection of a new local plant for the manu- 
facture of fine per, to utilize the output 
of the fiber mills. The plant will cost in 
excess Of $250,000, and is expected to give 
employment to about 150 men. P. P. 
Schnorback, manager of the company is in 
charge. 

GRAND RAPIDS—The Wolverine Soap 
Co., Portland, Mich., has acquired prop- 
erty at Grand Rapids for the erection of a 
new 2-story plant, 50 x 70 ft., to be ready 
for occupancy in June. The present works 
will be removed to the new location. A. A. 
Meeth heads the company. 


Minnesota 


MORRIS—The Board of City Trustees, 
Dr. George W. Ceenty, president, has re- 
jected bids for the erection of a new 
filtration plant for the municipal water- 
works, and will call for new bids at a 
later date. C. F. Tweed, 1353 University 
Ave., St. Paul, Minn., is engineer. 


WEBB CITY—The Rock Hill Paint & 
Cloth Co., Ray Porter, president, is plan- 
ning for the erection of a new local plant 


for the manufacture of paints, oils, etc., 
estimated to cost about $50,000. 


Montana 


MILES CITY—The Glengarry Mining 
Co., has acquired property at Laurel, Mont., 
as a site for the erection of a new smelt- 
ing piant for treating the ores from its 
properties near Cooke City. It is esti- 
mated to cost close to $500,000, including 


machinery. 
New Jersey 


PATERSON—Fire, Jan. 27, destroyed a 
large portion of the plant of the Coirin 
Chemical Co., River .. East Paterson, 
specializing in the production of nitrate of 
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iron and kindred products, with loss esti- 
mated at close to $200,000. The main 
building, 100 x 100 ft, was entirely 
destroyed. Frederick Coirin is head. 


New York 


NEW YORK—tThe Fleischmann Co., 701 
Washington St., manufacturer of yeast, has 
completed plans and will commence the 
immediate erection of a new 3-story labora- 
tory rig 52 x 165 ft., on Mott Ave. 
near 157th St., estimated to cost $150,000. 
Arthur B. Heaton, 52 Vanderbilt Ave., is 
architect. 

BUFFALO—Fire, Jan. 25, destroyed a 
portion of the plant of the F. F. Dalley 
Co., 271-81 Military Rd., manufacturer of 
polishes, with loss estimated at about 
$75,000. 

NIAGARA FALLS—The chemical labora- 
tory in the local high school was destroyed 
by fire, Jan. 25, with entire loss of build- 
ing and other departments estimated at over 
$250,000. The Board of Education plans 
to rebuild the structure. 


North Carolina 


CHARLOTTE—A complete chemical and 
biological laboratory will be installed in 
the new high school to be erected by the 
local Board of Education at Cecil St. and 
Elizabeth Ave., estimated to cost in excess 
of $300,000. H. P. Harding is secretary. 


Oregon 
PORTLAND—tThe Colby Compression 
Tube Co. has acquired property at East 
Third and Burnside Sts., for the erection 
of a new plant for the manufacture of 
rubber tubes and other rubber products. 


Pennsylvania 
PHILADELPHIA — The Pennsylvania 
Sugar Co., 1037 North Delaware Ave., has 
construction. under way on a new 2-story 
plant, 70 x 175 ft., at Delaware Ave., and 
South Laurel St., estimated to cost $50,000. 


STROUDSBURG — The Scott-Warman 
Glass Co., East Stroudsburg, is consider- 
ing the rebuilding of the portion of its 
plant, destroyed by fire, Jan. 31, with loss 
estimated at close to $150,000. 

SCRANTON—Fire, Jan. 27, destroyed a 
section of the plant of the Wickham-Bran- 
ning Cut Glass Co., Gibson St., with loss 
estimated at about $50,000. 

SPRING GROVE—The P. H. Glatfelter 
Co. has awarded a contract to the Aber- 
thaw Construction Co., for the erection of 
a l1-story addition to its paper mill, 100 x 500 
ft., and will commence work at once. J. 
A. Dempwolf, York, Pa., is architect. 


Rhode Island 


PROVIDENCE—The Davol Rubber Co., 
Eddy and Point Sts., manufacturer of rubber 
goods, has awarded a contract to Cari E. 
Carlson, 142 Atlantic Ave., for the erection 
of a two-story addition to its plant. 


Texas 


ROTAN—The Patton Cement Plaster Co., 
recently formed with a capital of $350,000, 
has completed plans and will soon break 
proms for the erection of its proposed new 
ocal plant, on property about 1 mile from 
the city. It will be equipped for a capacity 
of 400 tons of material a day and is esti- 
mated to cost in excess of $200,000. J. W. 
Patton is president, and E. W. Maben, sec- 


retary. 
Virginia 

SHAWSVILLE—The Kimbalton Lime 
Co., Shawsville, Va., operating a plant at 
Kimbalton, Va., is planning for the erection 
of two additions, with two new kilns, and 
auxiliary operating equipment. Richard K. 
Meade & .. 11 East Fayette St., Balti- 
more, Md., engineers, will take bids at once. 

WINCHESTER—tThe Cumberland Val- 
ley Fruit Products Co., recently organized 
with a capital of $100,000, is planning for 
the erection of a new local plant for the 
manufacture of vinegar and affillated prod- 
ucts. It is estimated to cost about $60,000. 
Boyd Richards is president, and Allen Bond, 


secretary. r 
Washington 


_ SUNNYSIDE—The Big Y Fruit Growers’ 
Association, C. H. Swigart ty manager, 
is planning for the establishment of a local 
plant for the manufacture of lime and sul- 
phur spray products for agricultural service 


Wisconsin 


PARK FALLS—The Flambeau Paper Co. 
is having plans prepared and will take bids 
early in the et g ‘or the erection of a new 
2-story Ip mill to cost about $100,000, 
with equipment. A portion of the structure 
will be used for office service. Thomas W. 
Orbison, 812 College Ave., Appleton, Wis., is 
engineer, Guy Waldo is general manager. 
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New Companies 


Tue CARROLL Mfc. Co., Boston, Mass., 
has been incorporated with a capital of 
$15,000, to manufacture fiber board prod- 
ucts, leather specialties, etc. Carl H. Car- 
roll, Arlington, Mass., is president. 

Tue SOLIDIFIED NAPHTHA CorP., 1209 
Conway Bildg., Chicago, Ill, has been in- 
corporated with. a capital of $50,000, to 
manufacture naphtha roducts, vegetable 
olls and affiliated specialties. The incor- 
orators are Otto E. Reitzman, Albert 
imerson and Edsen Manierre. a 

Tue D. P. Case Co., New York, N. Y., 
has been incorporated with a capital of 
$100,000, to manufacture chemicals, colors, 
etc. The incorporators are L. S. Hirsch, E. 
Dreyfus and J. C. Guggenheimer. The com- 
pany is represente by Guggenheimer, 
Strasser & Meyer, 27 William St., N. Y. 

Tue NATIONAL Brick Co., Washington, 
D. C., has been incorporated with a capital 
of $75,000, to manufacture brick and other 
burned clay products. The incorporators 
are J. E. and Clyde C. Daley; and Alan 
S. Wolfe, 1612 Longfellow St., Washing- 
ton, D. C. 

Tue Russer Ace Co. or NEW ENGLAND, 
Inc, Providence, R. I., has been incorpor- 
ated with a capital of $100,000, to manufac- 
ture rubber products. The incorporators 
are George C. Clinton, James O. McManus 
and John J. Dillon, 192 Lockwood S&t., 
Providence. 

THe BEAVER ENAMELING Co., Ellwood 
City, Pa., has been incorporated with a capi- 


tal of $33,000, to manufacture enameled 
products. A. Largue May, Beaver Falls, 
Pa., is treasurer. 

wAS & McVirtty, Inc., 303 Vine St., 


I 
Philadelphia, Pa., has been incorporated 
with a capital of $3,400,000 under Delaware 
laws, to manufacture leather products. 

Tue HIGHLAND LAKE Paper Co,, Fram- 
ingham, Mass., has been incorporated with 
a capital of 6,000 shares of stock, no par 
value, to manufacture ag products. 
Daniel A. Donnelly is president; and James 
P. Welch, treasurer, both of Framingham. 

THe Lion Om & REFINING Co., El Dorado, 
Ark., has been incorporated under Dela- 
ware laws with capital of $450,000, to man- 
ufacture refined petroleum products. The in- 
corporators are George A. Todd, El Dorado; 
F. H. Thwing and E. D. Ellison, Kansas 
City, Mo. The company is represented by 
the Corporation Trust Co. of America, du 
Pont Bldg., Wilmington, Del. 

Tue Oporiess Brpropvccts & REDUCTION 
Co., New York, N. Y., has been incorporated 
with a capital of $10,000, to manufacture 
fertilizers and affiliated products. The in- 
corporators are T. E. Halle, J. L. Watson 
and F. H. Butehorn, New York. The com- 
pany is represented by F. J. Knorr, Albany, 
N. Y., attorney. 

THE MAL-ZEMA CHEMICAL Co., 1021 Cal- 
vert Blidg., Baltimore, Md., has been incor- 
porated with a capital of $100,000, to manu- 
facture chemicals and chemical byproducts. 
The incorporators are William i Russell, 
John H. Zink, and Cornelius J. Hamilton. 

Tue GLOBE VARNISH Co., 1503 City Hall 
Sq. Bldg., Chicago, IIL, has been incorpo- 
rated with a capital of $100,000, to manu- 
facture varnishes, paints, oils, etc. The in- 
corporators are Frank C. Wilkinson, F. A. 
Willenbrink and Herman Sander. 


THe Sunoco Service Corp., Trenton, 
N. J., has been incorporated with a capital 
of $100,000, to manufacture petroleum prod- 
ucts The incorporators are Henry J. 
Baker, Clark L. Dickson and Frank M. 
Brown, Pear St. and New York Avenue, 
Trenton. 

THe Strron Process Street Co., Pitts- 
burgh, Pa., has been incorporated with a 


capital of $5,000, to manufacture steel prod- 
ucts. A. R. Bassett, Westinghouse Bldg., 
Pittsburgh, is treasurer. 


THE METAL-DuRO PAINT Co., New York, 


N. Y., has been incorporated with a capital 
of $10,000, to manufacture metal-protective 
aints, etc The incorporators are G. H. 
eMillin, H. C. V. Christensen and E. L. 
Smith. The company is represented by 


J. L. Rosenberg, 15 Park Row, New York 


Sieecet’/s Strove Poiisu Co., 38-40 Sher- 
man Ave., Newark, N. J., has filed notice of 
organization to manufacture polishes and 
kindred products. The company is headed 
by Fred Siegel, 483 Stuyvesant Ave., Irv- 
ington, Newark 

Tue Gur Propucts Corp., New York, 
N. Y., has been incorporated under Dela- 
ware laws with capital of $100,000, to 
manufacture sugar products. The company 
is represented by the United States Corpora- 
tion Co., 65 Cedar St., New York 

GARLINGER & Co., INc., 207 West Frank- 
lin St., Baltimore, Md., has been incorpor- 
ated with a capital of $100,900, to manufac- 
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ture soaps, flavoring extracts and kindred 
roducts. The incorporators are Isaac T. 
arks, Jr., Frank F. Ramsey and William 
H. Garlinger. 


THE MICHIGAN-ILLINOIS PETROLEU M 
Corp., Room 1303, 5 North Wabash Ave., 
Chicago, Ill., has been incorporated with a 
capital of $500,000, to manufacture refined 
petroleum products. The incorporators are 
Glen H. Downes, F. W. Graham and Colfax 
Gibbs. 

THE KLEANSTONE Co., Buffalo, N. Y., has 
been incorporated with a capital of $10,000, 
to manufacture cleaning compounds and 
other chemical products. The incorporators 
are C. T. and F. T. McCarthy, and G. F. 
Smith. The company is represented by 
John J. Brown, Ellicott Sq., Buffalo. 

THe FAIRMOUNT LEATHER Mrc. Co., New 
York, N. Y., has been incorporated with a 
capital of $20,000, to manufacture leather 
products. he incorporators are S. Fogel. 
I. Ehrich and H. Friedman. The company 
is represented by Leo Schafran, 51 Cham- 
bers St., New York. 

Tue Hutt & Cowan Co., Jacksonville, 
Fla., has been incorporated with a capital 
of $100,000, to manufacture brick and other 


burned clay products. Henry H. Hull is 
president: Hugh B. Cowan, vice-president ; 
and Mason, Jr., secretary and treas- 


urer, all of Jacksonville. 


Tue Hitutrorp Ow Co., Eureka, Ark., has 
been incorporated with a capital of $100,- 
000, to manufacture petroleum products. 
The incorporators are H. D. Hever, W. R. 
Heekey and C. N. Stambaugh, all of Eu- 
reka. 

THe STANDARD Druc & CHEMICAL Co., 24 
South Charles St., Baltimore, Md., has been 
incorporated with a capital of $100,000, to 
manufacture chemicals and affiliated prod- 
ucts. The incorporators are Arthur W. 
Smith, Jules D. Fritz, and Herbert Gor- 
don. 


THe Moors LEATHER Co., Boston, Mass., 
has been incorporated with a capital of 
$10,000, to manufacture leather products. 
Cc. T. Moore is president; William S. Lig- 
gett, vigo-orest ent; and Frederick WN. 
Moore, Peabody, Mass., treasurer. 


Tue EMMeERT Mre. Co., New York, N. Y., 
has been incorporated with a capital of 
$50,000, to manufacture gummed papers 
and kindred products. The incorporators 
are S. B. and E. Emmert, and L. Nissen. 
The nent is represented by J. A. Mori- 
son, 41 Park Row, New York. 

ULMAN BroTHers, INc., 30 West Balti- 
more St., Baltimore, Md., has been incor- 
orated with a capital of $10,000, to manu- 
acture chemicals, chemical compounds, etc. 
The incorporators are Marx, Ferdinand L., 
and Joseph N. Ulman. 


THE ALUNITE CHEMICAL PrRopucTs Co., 
Wilmington, Del, has been mop 
under state laws with capital of $500,000, 
to manufacture chemicals and chemical by- 
products. The company is represented by 
the Colonial Charter Co., Ford Bldg., Wil- 
mington. 


THE Myzo Mr«e. Co., Pittsburgh, Pa., is 
being organized by Joomm A. and Georgé T. 
McCleary, and James H. Corbin, to manu- 
facture chemicals, chemical compounds, etc. 
Application for a state charter will be made 
at once. James P. Herron, 86 St. Nicholas 
Bldg., represents the company. 

THRE MARTIN OIL REFINING Co., Rooms 
619-21, 608 South Dearborn St., Chicago, 
Ill, has been organized under state laws 
as a subsidiary of the Aluminum Chemi- 
cal Co., address noted, to manufacture re- 
fined oil products. The incorporators are 
Clinton D. Martin, John A. Rowe and J. J. 
Cruews. 

Tue SorLAMies Propucts Corp., Allen- 
town, Pa., has been incorporated under 
Delaware laws, with capital of $100,000, 
to manufacture cement products and affil- 
iated specialties. The incorporators are 
Harvey H. Steckel, W. C. Senger and C. B. 
Roberts, Allentown. The company is rep- 
resented by the Corporation Trust Co. of 
America, du Pont Bldg., Wilmington, Del. 


Tue Liperty SPARK PLUG CorP., Boston, 
Mass., has been incorporated with a capital 
of $75,000, to manufacture porcelain spark 
plugs. James E. Rich is president; and 
Richard J. Burton, Brookline, Mass., treas- 
urer. 

THE Bia SANDY Om & REFINING Co., 
Paintsville, Ky., has been incorporated 
with a capital of $24,000, to manufacture 

troleum products. The incorporators are 

alph Stafford and H. B. Stambaugh, of 
Paintsville ; and H. B. Stafford, Ashland, Ky. 


THe Royal Brass Founpry Co., 39-45 
New York Ave., Newark, N. J., has filed 
notice of organization to manufacture brass, 
bronze and other metal castings. Lothar 
Elsner, 20 Beach St., Newark, heads the 
company. 
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Capital Increases, Etc. 


THE Lutrer Brick Co., 1445 Diversey 
Parkway, Chicago, IL, has filed notice of 
increase in capital from $50,000 to $200,000. 

THE SEIBERLING RupBeR Co., Akron, O., 
manufacturer of tires and other rubber 
products, has arranged for preferred and 
common stock issues to total $1,500,600, for 
additional working capital, general opera- 
tions, etc. F. A. Seiberling is president and 
general manager. 

THE GRAND RAPIDS VARNISH Co., Grand 
Rapids, Mich., has filed notice of increas: 
in capital from $100,000 to $300,000. 


THE SRASTA ZINC & Copper Co., 25 Broad 
St., New York, N. Y., has filed notice of in- 
crease in capital from $25,000,000 to $30,- 
000,000. 

VALENTINE & Co., 456 Fourth Ave., New 
York, manufacturers of varnishes, colors, 
etc., have filed notice of increase in capital 
from $2,250,000 to $3,000,000. 

THE MONTROSE REFINING Co,, Shreveport, 
La., manufacturer of refined petroleum 
products, has filed notice of increase in cap- 
ital from $1,000,000 to $3,000,000. 

A petition in bankruptcy has been filed 
against the SPEARE CHEMICAL PrRopUcTS 
Co., INc., 30 Cliff St., New York, N. Y., by a 
number of creditors. 

THE Derorp Co., Luray, Va., manufac- 
turer of sole leather and other leather prod- 
ucts, has arranged for a bond issue to total 
$600,000, the proceeds to be used for gen- 
eral operations, financing, etc. Robert B. 
Deford is vice-president. 





Coming Meetings 
and Events 


aan y fourth an — | tin, Mg Oy 2 is 
- n mee a b 
Feb. 37 to March 3, 1922. a om 

AMERICAN CHEMICAL Society will hold its 
— muocting at Birmingham, Ala., April 


4 to 

AMERICAN ELECTROCHEMICAL Sociery will 
hold its spring macating in Baltimore, April 
27, 28 and 29, 1922. eadquarters will be 
at the Emerson Hotel. 

AMERICAN FOUNDRYMEN’s A ATION 
will hold its next convention and exhibit at 
Rochester, N. Y., during the week of June 
5, 1922. Meetin will be held in the 
spring instead of the fall as heretofore 

AMERICAN INSTITUTE OF MINING AND 
a h — ~ “a hold its 
spring meeting in ew Yor e week of 
Feb. So, 1922. . 


AMERICAN SOCIETY FoR STEEL TREATING, 
will hold a sectional meeting, Friday, March 
3, at the Hotel McAlpin, New York City. 

AMERICAN SOCIETY FOR TESTING Ma- 
TERIALS will hold its twenty-fifth annual 
meeting June 26 to July i, at Atlantic 
City, N. J. Headquarters will be at the 
Chalfonte-Haddon Hall Hotel. 

INTERNATIONAL UNION OF PURE AND AP- 
PLIED CHEMISTRY will hold a meeting at 
Lyons, France, June 27 to 30. 


IRON AND STEEL INSTITUTE (British) will 
hold its annual Peeing on May 4 and 5 
at the House of the Institution of Civil 
} eee Great George St., S. W., 1, Lon- 
on. 

NEW JERSEY CHEMICAL Soctrety holds 4 
meeting at Stetters Restaurant, 842 Broad 
St., Newark, N. J., the second Monday of 
every month. 

NORTHWEST MINING ASSOCIATION will 
hold a convention in the Chamber of Com- 
merce Bldg., Spokane, Wash., Feb. 14 to 18. 

STAMFORD CHEMICAL Sociery, Stamford, 
Conn., holds a meeting in the lecture room 
of the local high school on the fourth Mon- 
day of each month, except June, July, 
August and September. 

The following meetings are scheduled to 
be held in Rumford Hall, the Chemists’ 
Club, New York: Feb. 10—American 
Electrochemical Society (in charge), So- 
ciety of Chemical Industry, Soci de 


Nichols Medal; 
xy, regula April 31-—Soclety 

, m ng; ety 
of Chemical Industry (in charge), Ameri- 
can Electrochemical Society, Société de 
Chimie Industrielle, American Chemical 
Society, joint meeting; May 5—American 
Chemical Society, regular meeting; May 12 
—Société de Chimie Industrielle (in charge), 
American Chemical Society, Society of 
Chemical Industry, American Blectrochem- 


ical Society, -~ meeting ; May 19—Society 
of Chemical Industry, reguiar meetinc: 
June 9—American Chemical Society, regu- 


lar meeting. 


